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LLOYD’S REGISTER STAFF ASSOCIATION. 


OPENING MEETING. 


The Opening Meeting of the Session was held in the Board Room 
of the London Office on Tuesday, 25th October, 1927. 


The President, Mr. A, A. A. Chalmers, occupied the Chair, and was accompanied 
on the platform by Mr. J. A. Lowson. 


President’s Address. 
GENTLEMEN, 

We meet together to-night for the first gathering of our Session 1927-28 to listen to Mr. Lowson, 
who has come from Glasgow to read us a paper upon the construction of Wood Vessels. This paper has 
heen very well compiled, and should be very interesting and highly instructive, and we are very thankful 
to Mr. Lowson for coming here to read it to us. 

It is my privilege to be in the Chair to-night. It is an honour which you, gentlemen, have conferred 
upon me. Iam deeply sensible of that honour, and at the same time I am very cognisant of the fact 
that the honour carries with it responsibilities. Now these responsibilities are great, because they are 
enhanced very much by the fact that I am following in a line, if but a short one, of very illustrious pre- 
decessors. ‘The main theme of my predecessors’ Presidency has been to popularise Lloyd’s Register Staff 
Association, and I hope to continue that popularising, and in so doing I would like to call your attention 
to the fact that your President is, as far as I can see, not elected by Lloyd’s Register Staff Association. 
This seems to me unconstitutional. It seems to me that the President of Lloyd’s Register Staff 
Association should be elected by Lloyd’s Register Staff Association, and not by Lloyd’s Register London 
Staff Association. There should be no difficulty in getting the votes of our Outport Members. We have 
a very efficient mail. These things can be done by ballot. Why should not this be so? Why should 
not the whole of Lloyd’s Register Staff Association elect their President ? You might argue if that is 
agreed, then the President might come from the Outports. Well, why shouldn’t he? Is there any 
difficulty ? We have members from the Outports coming up here to read papers. Why should not your 
President come up here and give us his Inaugural Address? In may be that he could only deliver that 
Inaugural Address, but there is a line of illustrious Vice-Presidents who could deputise. There may be 
a difficulty in extending it, I know, as regards the Far East, but we live in an age of advancement. We 
may live in a day of magic when we can see our President elected from “down under” appearing here in 
front of us in a screen-like form and delivering his ethereal words to us. Why not? We have got to 
look ahead. We have got to popularise this Association. We have members of Lloyd’s Register 
Committee who look upon us in a fatherly spirit, and perhaps whom we may look upon as our bankers, 
But, in whatever light we may regard them, it is to be remembered that the Committee of Lloyd’s 
Register have been to us more than fathers. Now Bankers expect interest. Why cannot we give them 
their interest ? Let us give it them by popularising the Association, by coming to them and saying, 
“Here is your Staff well represented—the Staff of which you are rightly and justly proud.” 
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SOME NOTES ON THE CONSTRUCTION OF 
WOOD SHIPS AND YACHTS. 


By J. A. LOWSON. 


ReaD 19TH OcTOBER, 1927. 


In this paper it is proposed to put on record some observations in connection with the 
construction of vessels built of wood to present day practice, taking the parts separately and pointing 
out various methods of construction, the difficulties encountered, the precautions taken and the 
remedies adopted to overcome these difficulties, whether built under survey to this Society or not. 
Tt will be necessary to limit the description to a few particular cases and from the methods described 
in these, other forms of construction can be applied. 

Before dealing with the actual construction details, perhaps it would not be inopportune to 
summarise a few of the precautions taken, and factors recurring, during the various operations 
or stages. 

In timber of large dimensions it is necessary to examine the various parts to be assembled as 
often as possible during each operation, as weak spots develop occasionally. In such cases as these 
any defect arising should be dealt with at once, because the timber increases in value according to 
the amount of labour wrought upon it. Small defects should be carefully considered and investigated 
as they may develop on removal to something larger. Rindgall should be carefully looked for. 
Rindgall is caused by the alburnum of the tree being wounded, or by a branch being lopped off or 
damaged and the subsequent growth covering it. Should the injured part have had time to become 
decayed, or partially so, or sodden with rains it will cause an extensive rottenness in the timber 
afterwards, usually running in a downward angular direction towards the centre for the bole of 
the tree. Where rindgall is discovered the timber should be rejected. This is notable in the 
case of oak and English elm. Oak from marshy soils should be watched for and rejected; it is 
distinguishable by reason of its red colour and the foxey stains in it round the heart. Similarly oak 
from loose soils is usually quaggy, 7.e., the centre of the tree is full of shakes and clefts, In large 
pieces of timber under preparation it is recommended that when the holes for fastenings are being 
bored they should be examined, as serious defects have been found at this operation. Wherever 
possible and practicable the parts should be fitted in one piece, because the greater the number of 
layers the greater are the chances of leakage by shrinkage. Leakage is mentioned because it occurs 
even in the best regulated work and seasoned materials, and, therefore, arrangements require to 
be made for drainage from all parts so that the water may find its way to the pumps. Shrinkage 
occurs even in the best seasoned materials used in the construction of wood vessels and this should be 
carefully considered in arranging the many courses, especially when not in end grain, When wood 
knees are fitted the grain should run in the direction of the face and cross grain should be avoided. 
Where the main structure is cut for fittings etc. compensation should be made unless previously 
arranged for. Stopwaters which should be fitted in the proper places to prevent water from finding 
its way into the interior, are usually made of yellow pine with a slight taper so that when driven 
tight they swell on becoming wet and make a tight joint. Stopwaters are fitted where the rabbet 
lines cross the the various joints and are indicated on the sketches by the letter 8. Surfaces faying 
should have a coating of white or red lead or other preparation mixed with oil so that they remain 
more or less in a plastic state, and so exclude water and also prevent decay. Air courses should 
be arranged wherever possible, especially at the present time owing to the trouble in obtaining 
properly seasoned timber and the short space of time in which a vessel is constructed. As vessels 
do not stand long in frame before planking, precautions must be taken to allow for a_ plentiful 
supply of air to assist in drying the timber. In arranging the position of fastenings great care 
must be exercised to see that they do not foul others or come across faying surfaces. They 
should be fitted square off the surfaces but this is not always practicable and other methods may 
have to be considered. Where holes for fastenings are drilled through iron floors, knees etc., and 
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the fastenings immediately bear on the iron, the hole in the latter should be very slightly counter- 
sunk so as to prevent the sharp edge from shearing off the clench of the metal fastenings and 
also to prevent damaging the metal fastening on driving. Where oak is faying on iron, canvas 
soaked in oil is usually fitted between the surfaces to prevent oxidisation of the iron, caused 
by the acid nature of the wood and the quantity of oxygen contained in the oak itself; or 
padding should be fitted. When two or more courses or layers are faying the parts are usually 
dowelled or tabled as will be described later in the paper. Where small defects have been removed 

aving pieces or plugs should be fitted, bedded, and if necessary secured, in a mixture as previously 
escribed. It is always more advisable to have a graying piece than to have a doubtful defect in the 
timber. In English elm the sap or white is not considered detrimental and is recognised to be 
equally good and lasting as the timber itself; it appears usually of a whitish grey colour. Where 
timber consisting of the heart has been fitted it has usually given trouble, being liable to decay and 
should be climinated as far as practicable. 

The terms moulding and siding of timber are nearly synonymous with thickness and breadth ; 
thus the moulding is the dimension of the side on which the mould is applied for determining the 
shape or curvature, e.g. the moulding of a keel is its length and thickness, or the dimension from the 
outer surfaces in a direction inwardly and its siding is the breadth. The lengths of scarphs are measured 
along a level line in the direction of a surface and not on the faying surfaces. The siding dimensions are 
taken in cases where rabbeted to the inner edge of the planking. 

A rabbet is an angular recess cut in to a piece of timber to take planking or other such fitting and 
where timber is rabbeted, the dimension should be carefully measured, because in small vessels too much 
rabbet is sometimes removed. 

The use of cement should be avoided, either for filling in spaces or for ballast purposes, as experience 
has shown that. where cement has been fitted it has always caused trouble later, the timber in way losing 
its virtue. In vessels built on the laminated principle the surfaces of the laminae should be coated with 
a preparation before securing together. 


FASTENINGS. 


In arranging for fastenings care should be taken that they do not come in line when in close 
proximity to one another, as the tendency would be to split the timber and leakage would occur if on the 
outside surfaces. The drift for the fastenings should also be carefully looked into. Drift is the allowance 
made to ensure efficient tightness in a metal or iron fastening after being driven in the timber. It is, 
therefore, a quantity by which the diameter of a fastening exceeds the diameter of a hole bored for its 
reception. For round fastenings drift should not exceed ;'; inch for hard woods and 5 inch for soft 
woods, although in some soft woods no drift is allowed as fastenings are usually formed with a point and 
in cases like these are driven carefully without any allowances; each type and case must be considered 
separately. Dump and rag spike fastenings are used in many cases where it is impossible to get through 
fastenings and the difficulty of their renewal is considerable, sometimes causing considerable expense in 
order to effect a small repair where they have been used. The latter are used in outside planking through 
timbers and in the wood ends, through the stem and sternposts and in way of deadwoods and they 
should be carefully driven. Care must be taken in driving dumps in the stem or stern, for if they are 
improperly driven, or too many are fitted, they may cause the part affected to split down the rabbet line. 
Dumps are usually of a length of two and a half times the thickness connected where possible, although 
they may be longer if considered necessary due to curvature of the planking connected. Dumps are 
fastenings which do not penetrate through the entire moulding and are usually of cast metal ; they 
should have a rough surface so as to resist any chance of drawing, a good head to prevent the planking 
flying, and a short tapered point. Sometimes ragged spikes are used but being tapered are not to be 
recommended. Dumps may be either square, round or other suitable section, preferably round. They 
should be tested before being wrought into the vessel. The wood ends mentioned previously are 
the forward ends of the outside planking on the stem or the aft end of the outside planking on the 
sternpost, deadwood, or stern as the case may be. In small vessels screws are used as fastenings and 
have been found to serve the purpose satisfactorily. With the latter method it is easier to make a repair 
with the least amount of renewal, it not being necessary to split away the planking as would be necessary 
if dumps were used. The screws should be greased before insertion and should be handled carefully, 
being composed of soft brass, otherwise they may break off in way of the head. In fitting screws into 
oak great care must be exercised to see that they do not become stem bound in which case they would 
break off and give considerable trouble to remove. The greasing before insertion into oak minimises 
the action of the Gallic acid. Screws should be of good quality, naval brass or bronze, and I am of the 
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opinion that they should be made with a head semi-spherical, with a slot or square so that in the event 
of the metal breaking in way of the slot there would remain enough metal to retain a hold on the 
material fastened. Some screws are now made with heads fixed on after the screw has been cut, so care 
should be taken to examine the screws proposed to be used before fitting into the vessel. 

Copper or yellow metal fastenings are used largely in the fastenings of ships owing to their being 
liable to oxidisation on the surfaces only, and, when this has taken place, the metal is not destroyed like iron. 
Yellow metal is not possessed of the same strength as iron, being softer and more ductile in comparison. 
It is, therefore, not so good a fastening, especially when driven through iron knees or floors, being liable 
to bend and be crushed or crippled at the necks by the iron through which it has passed if the ship be 
strained or work to any degree. The oxidisation of iron not only destroys the fastenings but has an 
injurious effect on the timber surrounding it, and, if the timber is such that a supply of oxygen can be 
kept up through its pores, the destruction will be more rapid. The use of iron in conjunction with oak 
is objectionable on this account, and also because of the acid nature of the wood itself. In oily or 
resinous timber the surface of the fastening when driven receives a coating of this oily or resinous matter, 
and is rendered less liable to destruction by oxidisation, such timber is also less impervious to the passage 
of oxygen in a continual stream. Iron fastenings under copper sheathing also suffer from galvanic action 
which takes place between the metals, and should be avoided, unless precautions are taken to prevent this 
action taking place. 

Treenail fastenings should be straight and circular and should be carefully examined, and all those 
having a trace of curvature should be rejected, as they are usually found to be slightly smaller in 
diameter, and an artful and unconscientious mechanic will look for these as they are easier to drive on 
this account. Treenails are either split and wedged or split crossways and caulked after insertion, on 
their outer and inner ends. In cases where the inner end of the treenail is blind or inaccessible foxwedge 
treenails are fitted. By the latter is meant that the treenail is split on the inner end and a wedge inserted 
so that when driven tight against the blind end it splits the treenail and wedges it into the opening bored 
for it (see Sketch No. 84) thereby preventing withdrawal. 

In laminated vessels (other than small vessels) the laminee of planking are usually connected together 
by nut and screw bolts, and the conclusion one would come to is that the nuts would become loose or the 
nut fastenings would rust off in the bottom of a vessel, especially in the machinery spaces, by the 
continual scouring by bilge water and ashes, which are sure to find their way to the inner surface of the 
planking, especially where no ceiling is fitted, and in this case some provision for preservation requires to 


be made. 
KEELS. 


The keel forming as it does the lower boundary of the vessel is usually termed the backbone. The 
lengths of timber wrought in it should be as long as practicable, and the several pieces joined together 
with hook scarphs as shown in Fig. 26. The keel is scarphed to the stem and connected to the sternpost 
with knees as shown in Figs. 27, 81, 32 and 85. The scarphs are usually horizontal, through clenched 
or bolted and fitted with dowels or tabled as necessary. 

Keels are generally of elm, either English or American, although a few are of teak, or even of 
mahogany in small vessels. Elm is suitable on account of its toughness and of its being less liable to 
split, though pierced with the numerous bolts or fastenings, should the vessel ground. The frame timbers 
are stepped into the keel as in Figs. 1, 2, 5, 20, 21 and 23 or they may be fitted as shown in Figs. 3, 18, 
65 and 77. ‘The straining of a keel being due to a tendency to hog or sag, one would imagine that the 
scarphs should be fitted vertically as shown in Fig. 10 so as to resist the tendency to open under these 
various strains, Although this figure is drawn for a yacht the method could also be applied to other types. 
In some keels where the siding has been of extreme dimension, vertical scarphs have been fitted 
extending in some cases to over sixteen feet transversely. 

Sometimes clamp pieces are fitted to the siding of a keel on one side, or, on both sides as necessary, 
so as to obtain the siding required, having a stop butt at the ends and dowelled to the main keel, the 
position of the stop being arranged to clear the frame stepping. To obtain teak to get thirty-six inch 
siding requires an enormous tree and in such a case it would be advisable to fit a vertical scarph so as to 
eliminate in the keel as much of the heart as possible. 

Scarphs have been fitted in large keels vertical at one end and horizontal at the other. This was 
done in order to prevent rejection and delay in construction and proved efficient. 

The keel forward is connected to the stem by a hooked scarph, sometimes called the boxing scarph, 
Fig. 26 and aft to the sternpost by mortice and tenon, Figs. 27, 31, 32 and 35. The apron is fayed to 
the after side of the stem continuing down the stem and is scarphed to the keelson or the deadwood, and 
is arranged to give shifts to the butts of the keel, It is usual to cut the rabbet or recess in the keel for 
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the planking and for the ends of the timbers before erection on the blocks. In way of iron floors, or 
straps as they are sometimes called, the keel should be scored out for a drain, Figs. 5 and 6. Sometimes 
the space between the floors is filled in with cement but this is not recommended. Figs. 1 and 2 shows 
a small vessel with double frames stepped into the keel sufficient for a fastening. In this case the screws 
shown are to hold the frame timbers in position until such time as the iron floors are fitted and fastened, 
the floors being of large dimensions to bind the sides together. It will be observed that the siding of the 
iron floor does not admit of a fastening through each timber, these fastenings therefore require to be 
arranged to clear the siding of the timber, but could be arranged to take each timber if necessary, at the 
same time clearing the outside planking seams. The timbers are tie-bolted and dowelled as shown. The 
frame timbers must be a good fit after being stepped into the keel, otherwise water lodges in the step 
and eventually causes decay. At the ends the frame timbers are through-fastened where practicable, 
elsewhere by dumps about three times the frame moulding in length. It follows that the heels in way of 
ballast keels cannot be through fastened in way of the keel bolts unless the frames are of large siding 
and in such cases as this the fastening is fitted to one side of the siding edge., Fig. 6. Small frame 
timbers are usually connected to the keel by a screw or a dump. 

In a barge the frame timber is usually fitted from chine to chine, and is laid on the wood keel, the 
keel may be scored out to form a stop, having a keelson on top and all through bolted, Fig. 13. 

In a keel, as shown on Fig. 8, we have floors, short and long arm with thick garboards, cross bolted. 
Care has to be taken in fitting the garboard strake tie-bolts, so that sufficient timber is left between them 
and the outside edge, otherwise the tendency would be for the rings to draw on the outside and eventually 
cause leakage. In such cases the garboards are increased in thickness, and shaped to allow this to be 
done. 

In laminated vessels the floors may be fitted in laminge on top of a hog keel with a keelson on top and 
in this case great care is necessary to arrange a good shift of butts. The transverse frames in the latter 
case are wide spaced with longitudinal framing as shown, Fig. 85. Keels may be rabbeted to take the 
garboard strake in a vessel having a flat floor, but, in my opinion, this is not necessary. Sometimes a 
channel iron or other section is fitted on top of a wood keelson to add strength, and, at the same time, 
reduce the moulding of the keelson for easy stowage of cargo. 

There is another method of fitting a keel in a wood laminated vessel, longitudinally framed, and 
that is by fitting a hog keel under transverse widely spaced floors, with the planking wrought under the 
hog keel in a number of thicknesses ; afterwards the main keel is fitted, connected by through bolts at 
intervals as shown in Fig. 65. The latter system permits of timber of smaller dimensions being used, 
but considerably more work is necessary, the number of fastenings being very considerable, and great care 
has to be used in the placing of these fastenings. 

Fig. 49 shows a keel for a yacht having an iron centreboard. 

There are several ways of attaching ballast keels to the main structure of a vessel and a few are 
shown in Figs. 5, 6, 7, 8, 9, 16 and 49. A very common form is to fit a large plate washer under 
the nut or head inside the vessel. This system allows the holes to be cast in the ballast keel. In this 
case the holes are usually cored out a size smaller, afterwards being reamed to the proper dimension so as 
to ensure a good fitting, and in this type it is advisable to fit the ballast keel bolt with the nut on the 
inside to enable it to be tightened should the plate washer draw into the wood keel. Another method is 
to fit a lugged washer resting on the iron floor where the latter is fitted, Fig. 7. Each lugged washer 
requires to be made to template and must be arranged to clear the fastenings through the iron floor to 
the wood keel, and also to clear the keel scarph if the latter is fitted vertically, Fig. 10. The nuts of 
ballast. keel bolts are usually fitted on the lower side of the keel. The nuts could be fitted inside, but 
this would necessitate placing the vessel, if a deep ballast keel were fitted, on high blocks when a bolt is 
required to be drawn for examination. There is one advantage in having the ballast keel bolt nuts 
inside, and that is, if at any time the bolt requires tightening it is not necessary to place the vessel on a 
slipway or in dry dock. Sometimes wing bolts are fitted, in lieu of, or in conjunction with, centre bolts, 
and in this case tapered washers are necessary. When the nut or head of a ballast keel bolt is fitted 
outside it is generally sunk into the keel, and the aperture left is either filled in with lead or cement in 
the form of a dovetail, Fig. 9. Bolt holes are bored in a ballast keel after fitting to the wood keel, 
especially where the bolt is fitted through the iron floor. The latter is a laborious and expensive job, 
but, in small ballast keels of about six tons weight, the holes are sometimes drilled at a machine to 
template before the keel is placed in position. In large vessels keels are usually cast in situ and the 
vessel built on top. Should a lead keel fall off the building blocks, as has been the case many times, it 
usually alters in shape or twists, and should be recast. Nuts on the ballast keel bolts are cial 
although some have been fitted round with slots, of castle type, or round with a square to fit a box 
spanner, 
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Where a ballast keel has to be added after construction to, say, a cruiser to prevent rolling it 
may be fitted as shown in Fig. 16, a method which avoids piercing the wood keel proper. Although 
it has been fitted thus, it should not be done where the weight is too great over a small area. The 
method of securing is to bore holes partly through the deep keel vertically and cut ports at a 
reasonable distance above the ballast keel, fit the nuts on washers and heave up on them, afterwards 
filling in the ports. This method is not to be recommended except where it is impossible to get 
through fastenings. Another method is to fit key plates on each side opposite to one another let 
into the wood keel and to the ballast keel and through fastened with dump fastenings between. 
Keys or ring plates are sometimes fitted at the ends of very fine keels where it is impossible to get 
through fastenings to the vessel’s structure. Key plates have been fitted where it would have 
necessitated removing machinery, tanks and/or cement acting as ballast. Cement is not to be 
recommended as internal ballast. Reinforced concrete keels have been fitted and have proved 
satisfactory and in attaching them to the wood keel a good mixture or wood pad should be laid 
between the wood and the reinforced keel. In a cargo vessel having double frame timbers the keel 
is usually fitted under them with thick garboard strakes and a large keelson on top composed of 
several baulks (see fig. 77). Where a number of sections or logs are bolted together to form the keel 
a good shift of butts requires to be arranged. The garboards are usually cross bolted through the 
keel as well as to the timbers and keelson. 

Where false keels are fitted they should be fastened to ithe keel by dump fastenings so as to render 
them easily renewable when ceo 

Where timber is connected together it is preferable to have dowelling rather than scoring down. 
The latter is objectionable on account of the wounding of the timber and the weakening of the parts ina 
greater degree. It is not always practicable to avoid scoring down, but it should be avoided if possible, 
the joint having a tendency to become loose by shrinkage; also much care and skill is required in its 
preparation and execution. 


STEMS. 


Stems are fitted to give the shape of the vessel forward and also to secure the wood ends. They are 
of various sections, the simplest and most used is rectangular in shape, rabetted to take the plank ends. 
In some cases an apron is fitted (see Fig. 26) which adds strength and also gives back rabbet for the wood 
ends. The siding must be such that the dimension is taken at the inner edge of the rabbet on the 
siding of the stem. ‘Too much rabbet should not be taken out or the stem may be unnecessarily weakened. 
Various forms of stems are shown in the sketches. Fig. 18 shows the stem of a vessel with the frames 
stepped as shown in the sections. Breasthooks in larger vessels are carried over a greater number of 
timbers or cant frames and if fitted as in Fig. 37 would be termed pointers; although shown of iron 
| they may be fitted of wood. It could and has been formed to take the hanging knee as shown when 

made of iron, and so takes the form of a staple knee and breasthook combined. The latter is an expensive 
job but has proved very satisfactory where it has been fitted, forming as it does a strong finish at the bow. 
Fig. 22 shows a stem with a scarph and a deadwood knee (or apron). This form of construction is often 
adopted to permit the stem to be made in one with a straight piece to form the head. Should the stem 
head in this case be damaged the renewal would be simplified. Sometimes the scarph is made reversed 
to that shown and is known as a hanging scarph. The stem of a tug composed of apron and deadwood 
and the methods of fastening them together are shown in Fig. 37. Dowels are shown in lieu of tabling 
at the scarphs. This form of construction eliminates the chances of cross grain considerably. The 
keelson in this case could also be connected by a hooked scarph and not plain as shown. Care must be 
taken to place the dowels in the correct position and direction so that all parts fay on erecting. It is 
recommended that nut and screw bolts should be used where several pieces are connected together so that 
the fastenings can be hardened up, should the material give or the fastenings draw. In fitting dowels 
for connecting timber together where the surfaces are running in opposite directions the holes are bored 
afterwards and the dowels foxwedged. In Fig. 26 is shown the stem of a vessel built on the laminated 
system having transverses on the bottom laid ona hog keel and side longitudinal frames. 'The deadwood 
and the breasthooks for connecting the side longitudinals at the ends, and the method of connecting the 
longitudinals to the stem in this type are shown in Fig. 25. 

Sometimes a stem is fitted with a gripe piece on the fore edge so as to enable an easy repair to be 
made, the gripe piece being connected to the stem by rag spikes at the foot. Where stems require 
scarphing in sailing vessels about the water line, the scarphs should be arranged to clear the bobstay 

eyeplate. The stem head end wood should be covered either with sheet lead, by a wood capping or by 
some material to prevent water finding its way into the end grain, thereby eliminating chances of decay. 
Stems in many cases have had to be renewed on this account. In arranging the position of scarphs on 
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stems care should be taken to give them efficient bearing and in the case of sailing vessels to see that the 
scarph, if possible, is clear of the heel of a mast, and not as shown in Fig, 18. By doing this the 
chances of leakage are reduced considerably due to eliminating the tendency to open up when a strain 
comes on the forestay. Sometimes a clamp, Fig. 23, is fitted on each side of the stem where the 
siding is rather large, owing to the flat section forward; this at the same time gives better housing 
to the heels of the frame timbers and also enables back rabbet to be given to the outside planking. 
Where a stem and apron are required it is sometimes possible owing to the shape to fit them in one 
with a keel piece as shown in Fig. 18. By fitting them in one the fastenings of stem and apron are 
done away with, at the same time making a stronger form of construction. 


Hooks oR BREASTHOOKS. 


Hooks or breasthooks are for the purpose of connecting the sides of the vessel together. Those below 
the vessel’s waterline have a dual purpose to perform, 7.¢., to act as a tie when the ship is grounded and to 
resist the pressure of the water when afloat, while those above the waterline help to prevent the sides 
falling apart owing to the weights of the upper parts tending to spread the two sides of the vessel, facts 
which should be remembered when arranging their fastenings. Hooks may be fitted of iron or wood 
and are through fastened as shown in Fig. 25. In small vessels clenched fastenings are used, in larger 
vessels nut and screw bolts. At the after end the stringers, keelsons and shelves are connected to the 
transom frames, or to the stern chock, where they overun the transoms, by knees of iron or wood. 


STERNPOSTS. 


The sternpost of a vessel carries the ends of the outside planking and the stern or overhang of the 
vessel by attaching the stern or horn timbers thereto and in some cases the rudder also. It is usually 
sided to the contour lines of the vessel and therefore changes form gradually from heel to head. In 
sailing vessels the posts are connected to the wood keel by a tenon and by a deadwood or knee dowelled to 
the post andjor to the keel, through fastened as shown in Figs. 27, 31, 32 and 35. The rabbet for the 
planking is cut out of the siding, care being taken to see that the minimum dimension is maintained. In 
small sailing vessels the back of the post is hollowed out to allow of the rudder housing close as shown, 
and thereby shortening the braces where fitted. Sufficient moulding should be left to attach the wood 
ends, also to give good rabbet for the planking clear of the rudder braces. The heels of the timbers are 
stepped into the deadwood as shown in Fig. 31, and are connected by through fastenings, by dumps or by 
Screws. 

In small auxiliary vessels the post is weakened by the boring of the hole for the stern tube and in 
such instances it will be necessary either to increase the siding or to provide compensation to suit each 
particular case. In some cases part of the post is cut out to allow for the working of the propeller as 
shown in Figs. 27 and 31. In cases where shaft tubes are fitted longer deadwoods are arranged to take 
the shaft tube which assists in strengthening the endings and also acts as compensation. To house the 
shaft tube the deadwoods can be fitted in various ways. In Fig. 27 it will be seen that the opening is 
bored through a solid chock, well connected to the post. The chance of leakage in this case is not nearly 
so great as if the deadwood were fitted vertically, owing to there not being so many surfaces to make tight. 
Usually the rudder post is carried to the deck and is connected to a beam by knees or standards, either 
of wood or iron fitted on the fore side or athwartships, the rudder trunk cheeks being connected to the 
siding. Sometimes the post is stopped above the outline of the counter, the stern or horn timbers being 
connected to it as shown in Fig. 81. In full power single screw vessels the body post and/or the 
deadwood takes the plank or hooded ends as shown in Fig. 29. The sternpost and deadwood is composed 
of several pieces of timber all connected together by tenons or dowels and fastenings, and as a considerable 
amount of timber is required the greatest care should be taken in arranging the various parts, in 
selecting properly seasoned materials, and in arranging the position and the method of securing together 
by the fastenings. In way of the boss the fastenings require careful consideration in order to clear the 
shaft tube opening after boring. If the deadwood is fitted as in Fig. 35 it is very simple, but when fitted 
as shown in Fig. 82 it is not an easy proposition as the fastenings require to be driven diagonally to 
clear the tube. 

On the bridge of the post the fillets should be embodied in the post timber, if possible, so as to 
avoid too many pieces sei featise fastening and have a tendency to work loose or split and fall out. 

At the heel of the body and rudder post dovetail plates are generally fitted as shown, also a wrought 
knee in the opening to bind them together, this method of fastening being shown in Fig. 35. In many 
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cases a wrought knee is fitted at the upper arch or bridge of the aperture as shown in Fig. 82. Where 
longitudinal baulks form the deadwood they are connected to the body post by a tenon and dowel. 

The body post in practically all cases extends to the deck and is connected to a beam with a knee on 
each side. Into the body post is tenoned the stern timber, and where horn timbers are fitted they fay 
against the siding and are through fastened. r 

Where a stern timber is fitted in the vessel, it must have sufficient siding to allow of ample material 
being left after the rudder post aperture is removed and must be securely fastened to the upper part of 
the propeller aperture framing, leaving at least the minimum siding after the rabbet for the planking is 
removed. 

In small vessels the stern timber may be connected to the rudder post in a manner similar to Fig. 28 ; 
in twin screw vessels it can be connected in various ways. 

In Figs. 29 and 30 a method of fitting a stern timber to the deadwood is shown. In this case it is 
fitted in more than one piece, as is necessary sometimes to avoid cross grain where the curvature is 
excessive. The position of the butt or the scarph requires special consideration in each case depending, 
as it does, on the size of the aperture necessary for the rudder stock. 

Horn timbers are usually fitted one on each side of the rudder post and are carried as far forward as 
practicable, consistent with being able to attach them to the main structure, and as far aft as possible 
to secure a satisfactory attachment to the stern chock or transom. The connection of the horn timbers 
to the post should have careful consideration as the weight of the stern is partly carried by them. 

In sailing vessels the horn timbers are connected by through fastenings clenched on rings and 
are carried down the siding of the post so as to get a good fastening, as shown in Figs. 27, 32 
and 33. They require to be bevelled to suit the shape of the stern and at the points where they 
are connected to the deadwood andjor post to suit the moulding. In many cases it is necessary to 
make the rudder trunk of a greater width than the siding of the post and in such cases filling 
pieces or chocks are fayed against the siding of the post to take up the increased siding necessary 
before fastening through the post by clenched fastenings. Great care should be taken in the 
construction of the vessel in way of the horn timbers and the post at this part as in many cases leakage 
has occurred which has been very difficult to make tight afterwards. It will be seen from the 
sketches that the space between the horn timbers requires to be filled in; this is done by fitting 
a filling chock and herring bone timber or fashion piece as it is sometimes called. This filling piece 
is rabbeted to take the ends of the outside planking which is connected to it by dumps or screws. 
Sometimes the fashion piece is fitted separately and secured to the filling-in chock where the 
moulding of the chock would be excessive. In this case clenched fastenings are used, the faying 
surfaces being well bedded. The horn timbers and herring bone timber are also connected by cross 
fastenings, clenched as shown in Fig. 33. 

Into the horn timbers the frame timbers in the stern of the vessel are connected by tenon or dovetail 
Figs. 38 and 44. Care should be taken to see that drain holes are cut in the frame timbers at the heel 
in order to allow any leakage or sweating to find its way to the pumps. 

To the after end of the horn timbers or stern timber the archboard, stern chock or transom board is 
connected, either by dovetail, tenon or half check and is securely fastened thereto. To the stern chock 
the outside planking and deck ends are fastened by dumps andjor screws. Sometimes the stern chock is too 
large to be shaped in one piece and in this case the pieces are connected by dowels and through fastenings 
as shown in Fig. 43, usually wrought to rough shape previous to fitting and finally finished in place. 

In vessels with apertures for propellers the horn timbers extend to the body post and are connected 
to it by through fastenings as shown in Fig. 32. The fastenings of the stern timbers require special 
attention as a considerable amount of the weight of the stern is carried by the horn timbers mentioned 
previously, the latter being also through fastened to the rudder post as well as to the bridge timber of 
the post (the part between the rudder and body post over the propeller aperture). 

In the drawing in Fig. 35 it will be seen that the horn timbers are stopped abaft the rudder post 
and a stern timber introduced. In this case the vessel is shown with a cruiser stern, and by the adoption 
of the single stern timber the construction is simplified, also the ends of the planking can be 
rabbeted into it. The upper end is connected to the margin or waterway plank by a tenon. 

In small racing yachts the archboard or transom is usually connected to a grown frame moulded to 
shape, the stern timber being let into and connected to the grown frame by a screw and supported by a 
knee, connected to both and through fastened. The grown or sawn frame allows the plank ends to be 
connected to it, the planking being dressed off afterwards and the archboard fitted lastly to cover the 
plank ends as shown in Fig. 45. 
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RUDDER TRUNKS. 

Rudder Trunks are a means of allowing the rudder stock to pass through the vessel, at the same 
time preventing water from finding its way into the interior. Constructed in various ways a few are shown 
in Figs. 28, 29, 30, 88, 88 to 42. The one most often used is that shown in Fig. 33. In this form of 
construction the horn timber is rabbeted along the top edge to house the foot of the cheeks and is well 
bedded, the forward end being through fastened to the rudder post. The upper edge is usually fitted 
inside a partner, or chock secured between the beams and the afterpart is driven down between the cheeks 
in a rabbet, well bedded in thick stuff. The lower aft edge of the after part is chintzed to ensure 
watertightness. Great care must be exercised in making a rudder trunk, otherwise trouble can be 
expected, it being a very difficult proposition to secure tightness after construction. In many cases the 
interior of a rudder trunk is lined with lead turned over on the lower edge and extending to above the 
waterline level. This is done as a preventative against the ramification of the worm. 

Where a counter timber is fitted in lieu of horn timbers and the rudder post does not extend to the 
deck the construction is similar. The same method of construction for the cheeks and the after ends is 
adopted as in the former case, whilst the fore end is fitted in a similar manner to the after end but is 
connected to a beam at the head. ‘The sides and after end are connected to a chock as shown in Fig. 39. 
The sides or cheeks are sometimes only tie-bolted as shown, or they may be both screwed and tie-bolted 
according to circumstances. When the tie-bolts are fitted they should be as close to the after side of 
the after end as practicable. The cheeks are sometimes of too great a depth to be fitted in one piece and 
in this case they are matched together, well bedded, and made a good fit. 

A circular or barrel shaped trunk is shown in Fig. 40 composed of sections tongued together. This 
is a simple form of trunk construction but calls for very good workmanship ; it is secured to a chock at 
upper and lower ends. Great care should be taken that all tongues are a driving fit and tapered in the 
proper direction so that on being driven into position they are a good fit, the seams and grooves being well 
bedded as well as the edges faying. This type, as will be seen, is only practicable in vessels where the 
rudder post does not extend to the deck. Where a post is carried to the deck a type similar to that 
shown in Fig. 42 could be adopted. The winders in this case are through fastened to the rudder post. 

In small vessels and vessels with twin screws having balanced rudders with metal stocks, the rudder 
trunk is composed sometimes of a tube with a coarse screw thread screwed into the stern timber as shown 
in Fig. 29 and of a diameter slightly greater than that of the rudder stock. Where finishing under the 
deck level a watertight gland would be fitted if in close proximity to the water line or if well above the 
water line the upper end of the tube could have a bearing ring fitted to the inner surface of the tube 
with the usual clearances and secured by tap screws. 

Where the deadwood does not extend below the hull the lower end would be screwed into a flange 
fitted and secured previously into the stern timber as shown in Fig. 30, It may appear that the screwing 
of a metal tube into the stern timber is not a satisfactory method and would have a tendency to leak, but 
up to the present, in my experience, this has not occurred, and this form of trunk has been in use for a 
considerable time. When iron rudder trunks of the tubular type of construction are adopted and secured 
into oak a good coating of thick stuff should be applied to prevent oxidisation. If the vessel be coppered 
rudder trunks should be of metal. 

A stuffing box fitted immediately on the inside of the stern timber is sometimes provided in the case 
of metal rudders. The stuffing box is adapted to take the base and is levelled up to suit, the trunk in 
this case being unnecessary. 

FLoors. 

Floors are the parts of the timbers carried across the keel of a vessel and are usually of long and 
short arm where double timbers are fitted as shown in Fig. 3. They may be scored out for the keel, but 
in many cases are only laid on the top. Floors are sometimes composed also of wrought iron, of cast iron, 
of steel plate, or of angle steel and various types are shown in Figs. 1, 2,5 and 63. The floors are a 
means of securing the timbers and keel together in combination with the outside pace 

In wood floors it is necessary to have the grain running in the direction of the moulding of the floor. 
At the ends of the vessel it is sometimes difficult to obtain timber to suit, so that precautions must be 
taken whilst the laying out of the framing is in progress to arrange a method of construction to suit 
each case. The upper or outer ends of the floors are connected to the lower ends of the futtocks or 
frame timbers by dowels, buttstraps or clamp pieces fitted either single or double. When double frame 
timbers are not close fitted, or faying on the siding, chocks are placed between the frame timbers or 
futtocks as distance pieces and the tie rods driven, the distance chocks being removed afterwards. The 
floors, keel and keelson where fitted are connected by through fastenings and are usually clenched on the 


outer surface, although sometimes the clenches are on the inner surface, or they may be secured by nut 
and screw bolts. 
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In flat bottomed vessels the floor is usually carried across as shown in the midship section, Fig. 77 
whilst in smaller types of vessels, such as barges, etc., it may be fitted as in Fig. 13. In vessels with 
chines the floors extend from chine to chine (where timber is available) and are through fastened as shown 
in Figs. 11 to 14 to the side framing. 

Fig. 63 shows a vessel having a floor consisting of laming of three layers bent to shape inside 
longitudinal framing and in this type of floor the laming are secured by clenched fastenings at 
intervals between as well as through the floors and the outside planking. Care must be taken in this 
method to have good faying surfaces and the outer ends securely fastened, each layer terminating at 
intervals as required round the bilge. 

The sketch in Fig. 85 shows a solid floor, scored over a hog keel, consisting of three parts scarphed 
and fastened, in addition to the fastenings through the outside planking. A web frame construction for 
the same type of vessel is shown in Fig. 86, the floors being double, long and short arm, close fitted, with 
tie bolts and scarph fastenings in addition to the usual outside plank fastenings. The floors in this type 
would be scored to allow drainage at the lower edge in way of the keel, Fig. 65. 

When wood floors are fitted in machinery spaces where the engines are fitted very low in the vessel, 
fillings are sometimes fitted between the floors and futtocks butting on the centre line and caulked as 
shown in Fig. 67. 

Floors, or straps as they are sometimes called, are fitted on top of frame timbers as shown in Figs, 1 
and 5 and are made of wrought iron to suit the form of the vessel. The holes or fastenings are marked 
off to clear all obstructions, plank edges, etc., and are afterwards clenched on rings on the outside surface 
so as to secure them and bring the floor to its proper seating. These wrought iron floors have to be 
carefully made so as to suit the bevels and shape of the frames to which they are to fay and should be 
carefully examined. In small vessels they are sometimes galvanised although of late the tendency has 
been to fit them black, coated with an albuminous solution. The fastenings require careful consideration 
in order to avoid a fastening passing through the throat, but there should be one as near to the throat as 
practicable. The floor in Fig, 1 is shown of greater width than the siding of the frame timbers and 
in this case it would be necessary to see that the fastenings are clear of the siding of the timbers. Nut 
and screw bolts are used when the fastenings are of a large diameter and difficult to clench, and are 
sometimes used at the ends of the vessels where the shape changes rapidly. The fastening of the iron 
floor through the keel should be secured first, and the fastenings oa each side of the vessel wrought 
alternately working towards the point of the floor. 

Wrought iron floors at the ends of the vessel are shown in Figs. 19 to 22 and 27 to 31, and a transom 
floor showing the fastenings through the horn timbers and the herring bone fashion timber or filling 
piece is shown in Fig. 44. In way of the rudder trunk a floor knee is fitted to the cheeks on the post 
and secured by coach screws or through fastenings if possible, care being taken not to penetrate the post 
too much and so cause a fissure. 

Steel plate floors are fitted in small vessels connected through angles to the wood keel and to the 
siding of 1s frame timbers by nut and screw bolts or by a welded angle and steel plate, as shown in 
Fig. 4, also connected to the frame timbers by nut and screw bolts or clenched, The angle may be set back 
off the outside planking and the space between the planking and the horizontal flange of the angle 
afterwards filled in with hardwood packing strips or liners driven tight, well beaded, the strips being 
secured in position by screws through the flange of the angle and only entering the outside planking. In 
several cases where the latter strips have been secured by through fastenings to the outside planking they 
have caused trouble by leaking through these fastenings. 

Floors have been fitted of cast iron of the same dimensions as the frame timbers and fitted as for wood 
floors. In this case each floor requires to be made to pattern and cast, the holes for the treenails 
afterwards being bored. This is a very expensive form of construction but was adopted in some 
vessels where the floors act as ballast and has given entire satisfaction. One vessel with floors of this 
type is still afloat after over 40 years. 


: Room aND SPACE. 


Room and space in the framing of a vessel is a certain distance determined by a fore and aft 
dimeasion or the siding of two adjacent timbers together with the opening between them, and is generally 
described as the distance from centre to centre of the timbers or frames see Fig. 76. 

Sirmarks are the points or stations marked on the moulds of the frame timbers at which the 
bevellings are taken between the heads of the various timbers. In vessels with double timbers they are 
usually at futtock heads. 

Frame timbers or futtocks (also known as grown frame timbers) are usually sawn in shape, the butts 
being arranged according to the material available at the time. They are sometimes double close fitted, 
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double open, or single, or may be of laminated construction, moulded to shape and sided as necessary. 
The heels and heads are dowelled or butted and/or cross chocked. Tie bolts, one at each end, are fitted 
and driven through the siding. When of double open spacing a chock, which is removed after erection in 
the vessel, is inserted to keep them the proper distance apart. The grain should run in the same 
direction as the moulding as far as practicable and cross or short grain should be avoided. The edges 
should be left square and not rounded and the outside or alburnum of the timber tree should not be 
allowed to be used as the juices are on the outside surface. The alburnum has a tendency to decay very 
rapidly and has been known to do so in less than two years from the time of working into a vessel. 

In single frame vessels the butts of the timbers are dowelled and clamped (strapped) either single or 
double, If double clamps are fitted the siding is reduced accordingly. The clamps are tie bolted to the 
frame timbers with two fastenings on each side of the butt. Sometimes bent frame timbers are fitted 
either in conjunction with grown frame timbers or alone and in this case they are stepped into the keel 
and run continuously, if practicable, to their upper end. In some cases, depending on the formation 
of the vessel, bent timbers run from the deck round the vessel to the deck on the opposite side. In way 
of stringers, shelves and longitudinal members where the moulding of bent timbers is less than that of the 
grown frames, fillings require to be fitted on their face so as to have a bearing fit on these longitudinal 
members. In vessels with bent timbers it is sometimes difficult to bend them to shape in way of the run 
aft, and here grown frames could be substituted or grown frames may be fitted at the lower end with a 
bent upper portion properly clamped with a suitable shift of butts. While bending frames at the ends 
there is a difficulty when the dimensions of the moulding and siding are about equal, and in cases like 
this a saw cut is put in the frame across the moulding for a length sufficient to allow the bending to take 
place. In the latter case the moulding should be increased equal to the amount removed by the saw cut, 
the two thicknesses being secured together before the planking is fitted to the timbers. 

In very small vessels where the section to be made is an open 8 it is advisable to fit the frame 
timbers in two, upper and lower portions with side clamps, or to fit a grown frame at the lower end 
and a bent timber at the upper. Sometimes the timbers are lapped, so as to avoid side clamps, with the 
position of the frame butts staggered, or in line with the stringer where one is fitted. This is not in my 
opinion to be recommended and is found usually in a cheap job. 

In the transom where the bevels are changing rapidly grown frames should be fitted, tenoned or dove- 
tailed into the horn or stern timber, or bent timbers may be fitted in one length with saw cuts 
if necessary. 

Bent timbers when used in conjunction with grown are sometimes fitted after the vessel is planked, 
and in order to allow for the stepping into the keel the garboard strake is left off until after the frames 
are secured at the heels. While frame timbers are in the process of bending they should be well shored 
down until through fastened to the outside planking. should bent timbers be allowed to cool before 
properly faying it is almost impossible to make them do so afterwards except with extreme trouble. 

Vessels are built also on the longitudinal framing system and in this type of construction the outside 
planking is usually laminated. The longitudinals run from stem to stern and as it is impracticable, 
except in very small types, to run them in one length they are scarphed, hooked or plain. ‘The scarphs 
should be arranged to have a good shift of butts, and the longitudinals at ends are connected by hooks or 
crutches to the stem and stern or sternpost. The transverse frames in the above types are fitted at 
intervals and are through fastened to the outside planking (see Figs. 85 and 86), or they may be fitted in a 
laminated form run across the bottom and/or to the deck if required. When fitted in small vessels they 
usually run from deck to deck round the bottom and under the keelson if one is fitted, Fig. 63. Drains 
must be fitted in longitudinals so as to clear them of any sweat or loose water. 

In constructing laminated vessels the positions of transverse members and longitudinals are usually 
transferred to the outer surfaces as each layer is being fitted so as to minimise any chance of the 
fastenings fouling the seams or other fastenings already fitted. It will be seen that a great deal of care as 
well as time is spent on vessels of this type during construction, but as we are not dealing with the cost 
we will leave it at that. 

Longitudinals are fitted square off the outside planking except in the bottom where they act as 
engine bearers, in this case they are usually made to run parallel to the centre line of shafting, fitted 
vertically and bevelled on the lower surface to the form of the vessel. Should the moulding of the engine 
bearer longitudinals be excessive it will be necessary to prevent tripping by fitting chocks or knees in a 
manner similar to those shown in Figs. 13 and 68. 

Cant timbers are fitted forward in vessels where transverse timbers would be cut away too much 
on account of bevel and are turned round so that the outside surfaces coincides nearly with the outline. 
They are connected to the frame at their heels or stepped into the stem or deadwood and connected in 
a similar manner to timbers, through fastened or dumped. 
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KEELSONS. 


The keelson is an internal line of timber faying upon the upper surface of the wood floors or the 
frame timbers, directly over the keel, the floors being thus confined between it and the keel. Its use is to 
secure the frame timbers and to give a shift of butts to the scarph of the keel and so give strength to 
resist extension lengthwise and to resist hogging and sagging. The foremost length of the keelson scarphs 
the stemson which is extended to give a shift to the scarphs with that connecting the kee] and stem, the 
after end being secured to the body post or rudder post as shown in Figs. 82 and 35. In Fig. 18 the 
keelson is increased in size in order to compensate for a reduced size of keel in a vessel having to ground 
frequently. The method of securing the keel and keelson is shown, the clenched fastenings being fitted 
alternately off the centre line. Fig. 63 shows the keelson fitted in a vessel with laminated floors and a 
hog keel. 

Keelsons are hook scarphed, usually horizontally, and dowelled or tabled. In Fig. 64 the keelson is 
shown fitted in two parallel parts, one on either side of the centre line, arranged in this manner to clear 
the shafting of an oil engine, and to enable the shaft tube to be shorter than would be necessary if the tube 
had to pass through a single keelson on the centre line. This also overcomes the difficulty that would 
be experienced in boring the shaft tube opening through the deadwood, keel, and a centre keelson should 
the formation of the vessel’s keel be of the slow rising form aft. The single keelson in this case is 
stopped at a convenient distance aft on the centre line and the twin keelsons are introduced, scarphed 
and connected to the main centre keelson and carried as far forward as necessary, the single keelson being 
again continued forward and scarphed to the twin keelsons in a similar manner to that at the after end. 

In the keelson shown in Fig. 13 the lower surface is scored out for the frame timbers, to act as a 
stop and to keep the frames in their position longitudinally, the keelson being fastened in a manner 
similar to that shown. 

In Fig. 49 a section is shown in way of a centre board. The keelson in this case as well as the keel 
requires to have the siding increased to house the centre board and its casing. This type requires careful 
work and one method adopted to prevent leakage is for the top of the hog keel and the lower surface of 
the keelson in way of the casing to be treated to the blows of a round headed hammer, but not 
sufficiently hard to break the surfaces, and to have boat cotton placed in the indentation all round before 
fitting the surfaces together. ‘The timber in way of the indentation swells on becoming wet and thereby 
makes a tight joint. Perhaps it may have been observed that when a piece of timber is put through a 
planing machine, there are usually small indents caused by the feeder, and on examining these after 
becoming wet or damp they have usually risen above the surface. In this case a similar effect is 
produced which tends to make a satisfactory joint. The upper edge of the keelson is matched to take 
the trunk side and is secured by screws and caulked. The frame timbers must be carefully fitted, the 
necessary steps being taken to see that they are not carried too far into the keelson or leakage may occur. 

The keelson of laminated vessels is shown in Figs. 68, 65 and 68 and that of a cargo vessel in 
Figs. 67 and 77. In the latter case, the keelson is composed of several logs all cross tied and through 
fastened. The scarphs of the various baulks require careful arranging so as to clear one another and the 
baulks should be of well-seasoned materials. In way of the engine seating the keelson is built up as 
shown and is made sufficiently large to take the engine seating. 


SHELVES. 


Shelves are longitudinal pieces of timber worked round the interior of the vessel for the purpose of 
securing or receiving the ends of the deck beams and are of great importance, not only for this 
particular purpose, but as longitudinal ties. They are of various shapes and a few are shown in 
Figs. 50 to 61. 

In Fig. 52 the shelf is composed of a steel plate fitted on the outside of the frame timbers. Great 
care is necessary to see that the steel fays properly and is secured to the frame timbers. The plate is 
usually thin and difficulty is sometimes experienced in getting it fair towards the ends. The planking 
is scored at the lower edge or increased in thickness in order to have the outside planking fair on 
completion. The steel plate does not “ give” to the same extent as the wood and care should be taken in 
the placing of the fastenings owing to the chances of their drawing when the vessel is in any degree 
straining. There is also the likelihood of the steel throwing off the planking in time if the surface is not 
properly protected from oxidisation. The plating requires to be securely attached to the frame timbers 
before the fitting of the through fastenings of the timbers and outside planking, and this necessitates a 
considerable number of extra holes being made through the timbers on the upper ends. Ctherwise, the 
planking may be secured only to the steel plating and not through fastened all over, but with this 
method the efficiency of the timbers, depending as it does on these fastenings, is greatly impaired, 
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Fig. 50 shows a type commonly used on tugs which gives a good bearing to the beams and also 
eliminates the sharp bend at the throat of the hanging knees. This type is not so economical in regard 
to the cost of construction, owing to the greater amount of labour in working it and the extra timber 
compared with that shown in Fig. 51. In the latter shelf a considerable section is destroyed in forming 
the seating for the beam. This form, which gives a good bearing for the deck margin and sheer plank, 
is formed as a deck shelf longitudinal. In the latter the transverse side framing is omitted and web 
frames are introduced at intervals. 

Fig. 55 shows a form in the shape of a T and allows for smaller timber being used to the best 
advantage as regards strength. Through fastened sideways and also vertically the horizontal piece can 
be increased in way of the rigging to form a clamp which runs continuously as shown. 

In Fig. 56 the same type is shown, only the beam rests on the horizontal member, through bolted, 
allowing the vertical member to be fitted hard up to the margin and to be connected to it. In this form 
there is a likelihood of the beam working and causing the deck to leak in way of the margin. 

Fig. 54 shows the shelf hard up on the deck margin, scored out to take the beam ; the beam is also 
scored out in this case to form a stop, allowing for the margin to be connected to the extended beam 
outside the shelf. Precautions have to be taken that the outer end of the beam does not touch the 
outside planking and a saw cut space must be allowed between the planking and the beam end so as to 
obviate this. 

In Fig. 61 is shown a type of shelf at midships and Fig. 58 shows its adaptability for the fitting 
of the knees at the forward or the after ends. Should a rectangular section be fitted it forms itself 
aft into that shown in Fig. 57, necessitating as it does the introduction of a filling piece to enable a 
through fastening to be fitted near the throat of the hanging knee. 

The formation of a shelf as fitted in a barge is shown in Fig. 59; this form is easily wrought and 
easy to fit, and at the same time gives good seating for the beam ends. 

A shelf is shown in Fig. 55 with a plate fitted on the upper edge of the beam in way of the rigging. 
This is sometimes fitted in vessels of light construction and extends usually for a few spaces on each side 
of the mast beams. In this case the beams are scored down to take the plating, the latter being secured 
by screws. Should this plate not fit properly to the beams and to the deck planking to which it is 
fastened, rust forms in time and even if it is galvanised it is liable to throw off the deck planking. 

Shelves should be fitted in as long lengths as possible taking care that the scarphs and those of the 
clamp do not come in way of the rigging. They should be fitted with hook scarphs without keys as 
shown in Fig. 48 and be through bolted, with nuts on the lower ends so as to be easily tightened if the 
scarphs incline to open. The scarphs should be as long as practicable and cover two beams if possible. 
Key scarphs should be fitted if the scarphs are horizontal so as to draw the lips of the scarphs tight into 
their seating. If the moulding be such that it is impracticable to fit the scarph horizontally, then 
vertical scarphs should be fitted. The shelves should fay against the timbers and be well through 
fastened. It is advisable that all fastenings should be hardened up on completing the fitting of the shelf 
as there is always a tendency on the part of the timber to give or the fastenings to draw. The forward 
end of the shelf is connected to the stem and to the shelf on each side by a crutch, or hook, of wood or 
wrought iron, through fastened as shown in Fig. 87, and at the after end by knees. These are shown for 
smaller types of vessels but are of similar construction in larger vessels. ‘The method of construction is 
determined for each type and nothing can be laid down to cover all cases, but the practicability must be 
considered when deciding on the shape. 


CLAMPS. 


Clamps are pieces of timber faying against the shelf and are fitted in way of the rigging in small 
vessels, and in larger vessels are carried fore and aft. The method of construction is similar to that of a 
shelf. The shelf is sometimes increased in section in lieu of the clamp and shelf. In this type the design 
of the shelf requires careful consideration so as to be the most advantageous for the special conditions 
intended and also for the facilities for obtaining suitable materials. The fastenings would also require to 
be increased in size and numbers for the larger sectional area. Clamps sometimes take the form of a 
steel plate on the outside surface of the framing or of an angle iron fitted along the lower surface of the 
shelf and through fastened to the framing and shelf. 

On completion of the caulking of the outside of the vessel it is an advantage to go over all the 
clenches of the outside planking to harden them up, as they have a tendency to become loose or draw. 

Shelves are sometimes fitted of rectangular section amidships and wir ty at the forward and after 
ends to minimise the twist that would occur and the difficulty in fitting. The faying surface requires to 


be dubbed to suit the formation of the timbers at the ends and the sectional area should be maintained 
after this operation is completed. 


13 


STRINGERS, 


Stringers or floorhead strakes are longitudinal pieces of timber fitted usually at the floorheads or at 
the bilge to give additional strength and to bind the framing together, the greater dimension of the 
stringer being fitted normal to the frame surface. When fitted in more than one length they are usually 
connected together by a hook scarph, by a plain scarph, by buttstrap or clamp through fastened similar 
to that for a shelf. Where the stringer does not fay against intermediate bent timbers or timbers of 
smaller mouldings, chocks are fitted between the framing and the stringers and these are through 
fastened with the stringer to the framing. The scarphs of the stringers are usually long enough to cover 
two or three frame timbers and are fastened through the framing as well as through the butt. When the 
stringers are carried to the ends of the vessel, they are connected to the stem bya breast hook and at the 
after end by a knee to the transom where practicable. The stringer is fitted to the inside surface of the 
frame timbers and therefore care is necessary that the surfaces fay without the use of any packing or 
liners. 


BEAMS. 


Beams are the means of preventing the sides of a vessel from collapsing and also carry the deck ; they 
are spaced as is necessary for the various purposes intended, ‘They are in one piece, or in more than one 
if necessary for the breadth of the vessel. ‘They have a round up for the purpose of strength and to help 
to clear the decks of water. When in more than one piece they are scarphed vertically, keyed or dowelled, 
and clenched or bolted as necessary. The beams being supported at the ends and the strains due to 
downward forces acting upon their edges, it is advisable not to destroy the lower parts of a beam or lessen 
the strength of them by cutting, so destroying the fibres across that part. 

If any incision has to be made as for a carling it should be made at the upper edge, and this, if well 
fitted, sometimes adds to the strength of the beam to which it is connected, 

The side or end connections of beams to shelves are made in various ways, the beams having to act 
as stays to prevent the sides from collapsing, also to prevent them from falling apart. It is also 
necessary to ensure that the beam will not rise from its seat or work in a fore and afb direction. It will 
be clear that the end connection must fit so that the beam may fulfil its many purposes. 

In order that a beam may act as a strut between the sides, it is dowelled, and/or dovetailed and let 
into the shelf on which it rests, as is shown in Figs. 50 to 61. These dowels or dovetails are also let into 
the shelf on which the beam rests and by these means the beams are connected to the side of the ship by 
the shelf and by means of the timbers to the planking. 

In order to prevent the beams moving in a fore and aft direction, a strake of the deck planking 
called a lock strake is sometimes let down or scored down into the beam ends, as shown in Fig. 59. The 
beams are dowelled as shown in Figs. 59 to 61, or dovetailed and let in. ‘They are also secured by through 
bolts, dumps or screws as necessary for the various conditions and types of vessels. The beams sometimes 
run out to the vessel’s side, scored down over the shelf as shown. When beam ends are secured by nut and 
screw bolts they have the advantage that if found to be rising from their seats the bolts can be hardened up. 

When a steel plate is fitted in lieu of a shelf the beam bracket should be fitted with the fastenings 
vertical, thus being less liable to split the beam than if fitted through the siding. This type of shelf is not 
recommended as the deck margin and sheer strake have a tendency to open, thus permitting water to find 
its way into the interior whilst the vessel is sailing, the only means of securing the edges together being 
by screws fitted to the upper edge of sheer plank and through the margin plank. The flanging also has 
a tendency to work as the vessel heels over, 

In fitting beams a sharp look out must be kept to see that the carlings or half beams are fitted 
properly. These have a tendency to shrink and leave the fore and after or partner or to have little or no 
connection to it. Sometimes a carling is fitted with the greater moulding at the shelf end. This is 
caused by the position of the shelf and the reduced scantling allowed for carlings. 

Beams which do not extend from side to side are called half beams or carlings, and are introduced 
whenever the hatches or openings in the vessel are such as to require that the whole or unbroken beams 
be so wide apart that the deck requires support between them. heir ends towards the centre line of the 
vesse] are fitted into partners which extend from beam to beam, the intermediate pieces between the 
partners athwartships are called ledges. 

Half beams are connected to the shelf in a similar manner to beam ends, and to the partners by 
dovetails or half checks connected by dowels, screws or bolts. It is necessary to watch that the half beam 
has a secure connection to the partner or it may leave it and the support of the deck may be lost, or too 
large a connection made and the effectiveness of the partner destroyed. 
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In fixing the moulding of half beams at ends, care has to be taken to see that the position of the 
shelf is arranged so that the ends of the beams are let in and do not rest on top of the shelf. If not, it will 
be seen that the half beam ends must be chocked or padded so as to fay on the upper edge of the shelf. 

Partners are connected at the ends to the through beams in a manner similar to that of half beams 
to the partners and are fitted in way of skylights, companions and hatches, also to take windlass seatings. 
The partners for masts and windlass fastenings are sometimes fitted as shown in Fig. 70, called goosebills, 
fitted thus so that when the pull is taken there is less chance of their being moved from their seating than 
if they were fitted with a half check or a dovetail as is shown at the opposite end to the goosebill. 

In Figs. 77 and 79 is shown a header fitted under the ends of carlings and partners to give support 
where the span is considerable and to take pillars where fitted. 

Sometimes in small sailing vessels when the half beams are of small dimensions, a tie rod is fitted from 
the inner surface of the partner to the outer surface of the planking at intervals as a precautionary measure 
to prevent the half beams from leaving the partners and causing the deck seams to open when excessive 
strains are put upon the end connections. 


KNEES. 


Beams are supported by knees so as to prevent the angle between the sides of the vessel and the deck 
being altered when the ship is rolling or by the strains caused when heeling under sail. The action of 
these forces is to alter the angle, to raise the beams from their seating or depress the beam and loosen the 
fastenings. These deformations have to be provided against and knees are fitted accordingly. The lee side 
will have a tendency for the angle to diminish and on the weather side the opposite tendency will occur, so, 
as it will be necessary to prevent the beam from rising, the fastenings tea be as far from the side as is 
consistent with the accommodation in the ship, and, in order that the beam end may be kept in its seat 
a connection should also be placed as close to the end of the beam and the ship’s side as is practicable. 

Knees fitted vertically connected to the beam and the frame are termed hanging knees and may be of 
wood, wrought iron, plate or other suitable section as are shown in Figs. 50 to 61. 

Wooden knees afford better support to the beam from their greater surface and stiffness in the throat 
or angle, but take up, in small vessels, so much space that it is customary to fit knees of wrought iron 
faying to the shelf and frame timber and through fastened as shown in the sketches. Hach knee requires 
to be fitted to its particular place, properly bevelled and to have the fastenings arranged to clear landings, 
frame butts or other fastenings which have already been wrought into the structure in their proximity 
without resort to fitting liners. Knees fitted snugly to the framing are generally used but they could be 
fitted as shown in Fig. 61 and would be equally efficient. Jumped knees are very expensive to make and 
in many cases detrimental to the material. When fitted, as shown in Fig. 61, work on them can be 
executed on the flat and they may be afterwards bent to shape. 

Fig. 51 shows a knee fitted in a longitudinally constructed vessel, but this type does not afford much 
rigidity and is not to be recommended. Other forms of knees are shown and the shape of the knee which 
is most serviceable can be determined when the form of the shelf is decided upon. The knee to be 
recommended is one that is easily made and without too many joggles or jumps in it. Knees are usually 
clench fastened on the upper siding of the beam and require to be gone over before the deck is laid. 
Sometimes nut and screw bolts are fitted with the nut on the lower side which allows them to be tightened 
should the knees leave the beam or the fastenings tend to draw, which is quite often the case a few years 
after construction. Should the knees leave the beam slightly the only remedy is to drive hard wood 
chocks between the knee and the beam moulding. 

Staple knees are fitted in sailing vessels in way of the main sheet as a considerable strain comes on 
the beam to which the horse is fastened. A staple knee is one fitted in the form of a staple from the 
beam round the frame timber and across the floor. The making and fitting of such a knee requires great 
care and good workmanship in order that it may fay all round on completion. 

Knees fitted to beams not in line with the frame timber require to be side joggled, or set, in order to 
fay on the nearest timber. They may be carried down vertically if an intermediate timber is introduced 
and carried down below the point of the knee, through fastened to the outside planking. This will only 
be practicable when the room and space will allow it. When the intermediate timber is introduced it is 
advisable to fit a cant between the adjacent timbers so as to carry the strain on to the main timbers. 
This cant requires to be fitted before the outside planking is wrought. 

Lodging knees are fitted horizontally to the siding of the beam and are fitted to beams at deck 
openings, in way of mast beams and to carlings in order to tie the beams and prevent distortion. They 
are fitted of wood, wrought iron or of other suitable materials and are fastened to the shelf and timbers 
and also through the outside planking. They are fitted either single or staple or solid timber as shown 
in Fig. 61. They must be carefully fitted and well through fastened so as to fulfil the purpose intended. 
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DECKS. 


Decks of vessels are not merely platforms, but form a factor in the strength of a vessel; they are laid 
longitudinally. The outer strakes termed waterway planks are usually of greater thickness and are 
sometimes dowelled to the beams or fitted as lock strakes and through fastened as shown in Fig. 59. As 
the end butts of the deck planking do not possess much resistance against being torn out the 
longitudinal strength is transferred from plank to plank and therefore the butts should be arranged to 
have a good shift. As the strains due to caulking have to be taken by the fastenings it will be necessary 
to consider the method to be adopted before commencing, especially in the case of hardwood decks where 
the strain is greater. It is not uncommon for a deck to rise from the beams after caulking several times 
and this has to be guarded against in the initial stage. In smaller vessels the planking is usually cheek 
nailed to the beams and also secured to the next strake with dowels of metal or hard wood, fitted 
between the beams, to prevent the deck planks from rising between the beams. The plank ends are 
secured to partners let in between the beams as shown in Fig. 71, and the finishing or closing plank is 
secured by secret nailing as shown in Fig. 72. The butts are fitted edge to edge, an allowance being 
made for caulking, or they may be fitted with a half check as shown in Fig. 83 when a close joint is made. 
The margin planks are secured with screws and butted close. In fitting decks great care must be taken 
around companions and deckhouses because most of the trouble of leakage in decks originates round them. 
In Fig. 80 a suggestion is shown, intended to overcome some of the difficulty experienced round hatch- 
ways, which allows for a better fastening of the coaming to the deck beams than that usually fitted as 
shown in the same sketch. Decks in small vessels are sometimes covered with canvas bedded on paint and 
finished with a half round moulding secured to the outer edge of the covering board. The decking in 
such a case would be fitted tongued and grooved. Another method is to fit the deck tongue and “ matched,” 
this allows the deck planking to be secured by nailing through the matching, the deck afterwards being 
stopped with a putty preparation. 

After the seams of the deck are caulked, they are payed with marine glue, applied hot. In 
many cases pitch is used, but is not recommended as it becomes brittle and ceases to adhere to the wood, 
water finding its way to the oakum or seaming which in time rots, and leakage occurs. Sometimes loose 
machine spun oakum is caulked into the seams ; this in no small way overcomes the irregular hand spun 
oakum so often found being caulked into a vessel. In marine glue, which is a mixture of shellac and 
caoutchoue combined with naphtha, we have a more expensive, more elastic and more durable stopping ; it 
is insoluble in water and impervious to it and it is also adhesive so that it assists in connecting the plank 
edges. Bad caulking is blamed for leakage, but not a few cases have been found where it has been traced 
to the sliding of the plank edges, caused by the working of the vessel, therefore, great care should be 
taken to have the deck properly secured to the beams. 

Another stopping for decks has been introduced of late years in the form of a soft preparation called 
“American putty glue.” It is forced into the seams after caulking with a putty knife, is very elastic 
and never becomes hard and has been found very successful. The advantage claimed is that it does 
not require heating or preparing and can be worked by unskilled labour. 

The methods of fixing quarterings for masts are shown in Fig. 74 and can be easily understood. In 
wedging wood masts so as not to damage the mast in way of the wedges it is advisable to split the 
wedges at the top about half an inch all round from the mast and caulk the seam made. This forces 
the inner surface against the wood mast and makes it tight (see Fig. 69), the seaming being afterwards 
filled in with marine glue. 


PLANKING. 


The planking or skin of a vessel is composed of one or more thicknesses wrought longitudinally. A 
thick strake or combination of thick strakes is wrought internally where it is considered that the frames 
require extra strength. They are fitted at the floorheads and are called floorhead strakes, and in small 
vessels, stringers. The upper outside plank or planks are called sheer planks or sheerstrakes and the 
adjoining strakes below, the wales. The plank or planks next the keel is the garboard, which is usually 
fitted into the rabbet on the keel or fitted against the keel when no rabbet is formed, as shown in Figs. 3, 
13, 77 and 86. Planking is usually wrought parallel tapering towards the ends. Stealers should be 
avoided as far as possible. The inner strake in the hold on top of the floors next the keelson is the 
limber strake and is fitted as shown in Figs. 3 and 77 to allow water to find its way to the pumps. The 
planking in the hold is the ceiling, the strake or strakes next the shelf, the clamp. In small vessels 
ceiling is nob necessary and the clamp is only required in way of the rigging fitted as described previously. 

The planking is through fastened to the ceiling, where it exists, by treenails or clenched bolts, but in 
no case entirely by treenails; the plank butts are through fastened by clenched bolts. Fastenings are 
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either double, double and single or single, meaning single, referring to the number which go through each 
frame or timber in the planks that cross them and are regulated by the width and thickness of the outside 
planking to be connected. Holes for fastenings must be carefully bored and arranged to suit and clear 
fastenings arranged for floors, plank edges and butts of timbers and other details. Garboard strakes, 
except in small vessels, are fastened horizontally and also through the keel as shown in Fig. 3. 

In small vessels the planking is dumped or screwed in conjunction with through fastenings, or, 
entirely fastened by screws. Where the garboard strakes of small vessels are rabbeted into the keel, screws 
or dumps are fitted midway between each frame timber, but in other strakes except the sheer plank there 
are no other fastenings between the timbers. It is preferable, where possible, to have a clenched fastening 
to a screw or a dump. 

At the ends of vessels having very thick planking, or of vessels of full form, there is difficulty in 
getting the planking round, and in a case like this, the planking is sometimes split through its thickness 
so as to allow for any draw, or may be fitted in two thicknesses fastened independently of one another with 
a suitable shift of; butts. When fitting planking at the ends it sometimes has a tendency to “fly” and 
to overcome this a steel plate is made to lay close against the outside surface, secured temporarily by 
clamps whilst the planking is being fitted, removed afterwards to allow the fastenings to be driven, It is 
also advisable where double and single fastenings are required at the ends to secure the planking by double 
fastenings to overcome the severe strains caused by panting forward and pounding aft, which tends to 
spring the planking from the timbers, as is so often found when vessels are under survey. The planking 
should fay against the timbers without the use of furrens, the latter being pieces of wood fitted in the form 
of liners, and the frame timbers should be dubbed in order to allow this to be done if they are in any way 
full, bearing in mind that the moulding size should be maintained. 


CaAULKING. 


Caulking is a means of making the various seams watertight. If the seams of the planking were of 
equal width throughout it would be impossible to make the caulking sufficiently compact to resist the 
water or prevent the oakum from being forced through, so in order to overcome this difficulty the 
planking is mouthed. When the oakum is properly caulked into the seams with force it is as hard as 
the plank itself, and it must be done in such a way that the edges of the planks are not destroyed ; if 
this occurs it may cause decay of the timber, leakage, or, the rotting of the planks themselves at the 
edges. At the inner edges the seams of the outside planking must be in contact for their full length and 
taper gradually outwards or be mouthed as it is termed. In vessels with great round up the tapering or 
mouthing is sometimes unnecessary as the round up gives sufficient taper, and in vessels of extra thick 
planking the planking is sometimes only tapered half the thickness, but in ordinary vessels the taper is 
usually 4, inch per inch thickness as shown in Fig. 75. In deck planking, Fig. 73, the plank is usually 
mouthed half thickness so that a close seam is showing under to prevent the caulking being driven 
through and showing under the deck. In vessels where appearance is of no consequence they are 
mouthed full thickness. In the seams of deck planking in yachts a thread of cotton is usually caulked 
into the seams before the oakum so as to prevent the oil from the oakum showing in the cabin roof. The 
upper strakes of outside planking in yachts are caulked with oakum and afterwards stopped with putty 
so as to leave a flush surface. Outside planking edges in some cases have wedges in long lengths glued 
into the seaming after caulking instead of stopping and have proved satisfactory. In the latter case the 
timber must be well seasoned, otherwise should any shrinkage occur leakage is inevitable. In small 
vessels up to about the 8 metre size the plank edges are sometimes “tub” jointed, the latter being a 
groove pressed down in each edge but not sufficiently deep to destroy the fibre and a thread of cotton 
inserted on fitting so that when the planking swells the joints become tight jointed. 


Suart Bossss. 


The position at which a shaft passes through the outside planking in twin screw vessels requires to 
be made watertight and there are several methods by which this can be done; two are shown in Figs. 
87 to 90. The difficulty in some cases has been to make this a satisfactory watertight connection, and 
if the work is improperly done trouble arises. The position of the bossings would be indicated 
approximately whilst the vessel is in construction and the fastenings through the frame timbers and the 
planking in way should be omitted. Should fastenings require to be removed or cut during the boring 
of the shaft log they may cause a leakage afterwards. On fixing the shaft line a log is fitted inside, over 
the frame timbers, of sufficient dimensions to house suitably the t of the tube inside. To take the 
flange end of the tube, a log is fitted to the outer surface, apie ith the planking sufficiently to allow 
of its being caulked all round after the two logs are through fastened to the planking, as shown in 
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Figs, 87 to 90, precautions being taken to have the fastenings clear of the shaft tube when fitted. If the 
plank fastenings under the log were fitted previously tothe shaft tube being fixed these fastenings may leak 
slightly and cause water to find its way under the log and ultimately into the vessel. The shaft log 
should be free from knots, shakes or blemishes of any kind or trouble may be looked for later, the outer 
log being a means of protection against water finding its way into the vessel. Should the outer log be 
omitted as is done in some cases in smaller vessels where a tube is fitted from the inner edge of the inner 
log to the A bracket it leaves the outer edges of the outside planking like a knife edge and the only means 
in this case of preventing leakage is by attention to the inner chock and its bedding on the inner surface 
of the planking, it being almost impossible to caulk the knife edges of the outer planking. In the latter 
case a metal cover plate, well bedded, is fitted over the outer planking edges and connected by screws 
only and does not in any way prevent leakage. Sometimes a metal shield is fitted and the outer end of 
the shaft tube is secured to it by a nut which makes a watertight end to the shield. In this case water- 
tightness depends on the proper bedding of the plate on the planking and the method of securing it to 
the inner chock, Another construction is that of fitting soft wood chocks between each timber. secured 
and bedded and then fitting a chock on top and fastening all together. In this case it will be seen that 
should a slight leak occur, the soft wood would immediately swell and prevent the water from finding its 
way into the interior of the vessel. The method recommended is that shown in Fig. 88 because if a 
leak occurs it can be easily dealt with. Straps are usually fitted over the log to secure it to the vessel 
and through fastened to the timbers, the logs being fastened together between the straps as necessary. 


HaTCHWAYS. 


Hatchways are usually built up in logs fastened to a header into which the half beams are connected, 
or they may be formed of a lower coaming through fastened as shown in Figs. 77 and 79, a continuous 
stringer being fitted under the beams in all cases. At the corners a vertical log is fitted to which is 
attached the coamings and headledges. ‘The coamings should be fitted to the top of the beams or carlings 
and the deck fitted against them, the seams being caulked against the coamings. On no account should 
coamings be fitted on top of a deck. 

When a deckhouse has had to be lengthened after the vessel is built, the coaming is let down into 
the deck sufficiently to allow for caulking against the coaming but this is not always satisfactory and is 
not to be recommended. End coamings in small vessels are usually connected as shown in Fig. 81, when 
the beam has not sufficient siding to house the coaming and the plank ends. 


EnGiInE SEATINGS. 


Engine seatings are formed by fitting logs on top of the floors or by plates and angles or other 
sections, connected together. They must be securely through fastened as well as tied transversely. 
Sometimes the seating is fitted transversely on top of built up timbers with fore and aft members stepped 
between them at suitable intervals to take the seating bolts. Special care should be taken in way of the 
thrust to see that the seating, which should be practically solid, is securely fastened. In smaller vessels 
the seatings are composed of built up sections in steel, channel section or wooden members placed to take 
the line of holding down bolts and should be carried a good distance beyond the ends of the machinery 
bedplate. Forms of engine seatings are shown in Figs. 18, 63, 64 and 66 to 68. It is recommended 
that seatings for engines should not be through fastened between the frame timbers, as owing to the 
planking working the tendency would be for the fastenings to become loose or leak. When seatings are 
fitted on top of floors longitudinally, prevention against tripping should be arranged for by means of 
chocks, iron straps or other arrangements. If the vessel be built with longitudinal framing, the engine 
bearers could be embodied in the framing thereby lessening the number of pieces to be fastened together. 
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DISCUSSION ON MR. J. A. LOWSON’S PAPER 


ON 


“SOME NOTES ON THE CONSTRUCTION OF 
WOOD SHIPS AND YACHTS.” 


Dr. B. C. Laws. 


Before turning to Mr. Lowson’s paper I would like to congratulate the President on his address to 
which we have just listened with a great amount of pleasure. 

With the spirit of that address IJ am sure we all agree. His remarks augur well for the success of 
this session, and if it is at all possible to extend the influence of this Association in the manner suggested 
I think it should be done. 

The one aim of the Association is to exchange views and expand our knowledge on technical matters 
having particular reference to the work and great traditions of this Society, and if it can be furthered in 
the manner suggested I feel sure it would be supported by the Committee of Lloyd’s Register. 

The fact that we are enabled to discuss papers under ideal conditions in this building with little or 
no expense to the staff is due to the courtesy and generosity of the Committee and J am sure they realise 
that we fully appreciate the facilities which they extend to us. 

With regard to the paper which has just been read, we all appreciate the great amount of time and 
labour which Mr. Lowson has put into the paper. 

The subject is one on which there is not a great deal of up-to-date matter published; the sketches 
given at the end of the paper are not ordinarily available and I feel sure when we have time to peruse the 
subject at greater leisure we shall find a great deal of interest and value. 


I have not had the opportunity to more than hurriedly glance at the paper. There is perhaps a 
little lack of co-ordination between the text and diagrams and a want of sequence in setting out the descriptive 
part of the paper but I feel sure that the information, culled as it is from the author’s experience of 
vessels of wood construction, coupled with his expressed ideas of what might be followed in practice, will 
be found valuable to members who have to carry out surveys in this type of vessel. 

The time has not yet arrived when timber as a constructive material is to be relegated to the historic 

t. On the contrary, since the war, wood construction seems to have taken a leap forward at least for a 
certain class of vessel, and to day we have more wood yachts building to class than has been experienced 
for many years past. 

For this reason alone the paper will be found of value for reference, indicating as it does the various 
types of construction in vogue and the practice followed in knitting together the various portions of the 
structure. 


Mr. W. Watt. 


The spirit of the wood shipbuilder is not dead when we have such an exponent as Mr. Lowson, and 
the Association is indebted to him for his very able and instructive paper. He has treated each section 
so fully, and has illustrated them with such admirable sketches, that it is hardly possible to criticise or 
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to add to what he has said on the subject, in so far as they relate to yachts and small wooden vessels. 
If one might offer a criticism of the paper it would be that the illustrations do not specify clearly the 
type of vessel to which they each apply. Except in those cases where yacht construction is clearly 
indicated by the form it is impossible to tell whether a yacht or a barge is referred to. 


If one might refer to the minor details indicated in the sketches it would appear that such details 
are rather overdone in modern yacht construction. In Fig. 1 a number of screws are shown connecting 
the timbers and the garboards to the keel. Such connections seem unnecessary, as they have no strength 
in themselves, and passing through the end wood or so near to the edges of the planks can only result in 
splitting the wood, either during construction or during the early life of the vessel. If they are merely 
intended to hold the parts together until the final fastenings are fitted, I think the same result could be 
achieved with screw clamps. The drain holes shown appear to be an unnecessary refinement, and it may 
be asserted, without any doubt, that such drains will never be effective. Where a drain hole cannot be 
made at least 14 in. square it should be left out altogether and the pockets between the timbers flushed 
up with litosilo or similar composition, or the minute quantities of water left to evaporate or be mopped 
up as desired, 


It seems to me that the scantlings of small boats, such as lifeboats and small motor vessels, are too 
heavy. Of course lifeboats have to be constructed of sufficient strength to enable them to be lowered 
with all passengers on board, but such conditions do not apply to motor boats. 


Many years ago I designed and superintended the construction of nearly 200 28 ft. lifeboats for 
ship’s use. Their weight was only about two-thirds of the weight of a modern lifeboat. One completed 
boat was tested to destruction by crushing between two 5,000 ton D.W. steamers, and it was surprising to 
observe how much bumping it withstood before the sides collapsed through the fracture of the thwarts. 
Subsequent examination revealed the fact that the end connections in the apron, deadwoods and planking, 
were not even started or the wood split. 


In Fig. 15 the author shows a method of fitting a bilge keel arranged so as not to interfere with the 
efficiency of the planking in the event of the bilge keel being carried away. 


A similar arrangement was adopted in the research ship “ Discovery,” Captain Scott’s old Antarctic 
ship. It was found necessary, owing to excessive rolling, to fit bilge keels at Cape Town. A pad piece, 
about 5 in. thick, was through bolted to the planking and timbers, and the bilge keel proper was attached 
by means of spikes, which passed into but not through the planking. 


I do not like the fox wedges described on page three. In one important case which came under my 
notice many of the wedges dropped out into the holes when the treenails were being driven, with the 
result that instead of fixing the treenails they prevented them from being driven home, and during the 
first voyage a number dropped out. A preferable arrangement, and one which was adopted afterwards, 
was to prepare the treenail with a swelled end and make a saw cut for about an inch along its length, so 
as to enable it to be entered in the hole. The spring on the end prevented its withdrawal. 


In the section dealing with planking, on page 16, the author refers to the practice of splitting the 
planking to enable it to be bent round a sharp turn at the ends of the vessel. Unless the plank is very 
thick there is not sufficient depth in the outer layer to get sufficient body for fastening and for the dowel 
over the bolt head. I would rather make a number of transverse saw cuts in the plank and fit additional 
bolts, provided the position was near enough to the ends not to interfere with the longitudinal strength 
of the vessel. Of course, in small vessels the practice may be adopted with safety, provided as many 
screw fastenings as possible are introduced to secure the inner layer to the timbers before the outer layer 
is fastened. It should be noted that with split planking the planks cannot be bedded so thoroughly in 
the stern or stem rabbet. 


Half checking, recessing, and dovetailing should only be adopted when ample provision is made in 
the scantling, as many joints have sprung through insufficient attention being paid to the matter. I 
remember a case where the taper of the dovetail connecting the beams to the shelf was sheared off in 
every beam, and a most expensive repair was necessary. 


The author deserves the thanks of the Association for his interesting paper, and we look forward to 
his promised paper on composite vessels. 
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Mr. E. W. Buocksmasr. 


There is a great deal more in this paper than one would imagine from the first glance through its 
pages. After a week of careful reading, made rather difficult by the situation of the sketches in relation 
to the text, I came to the conclusion that the paper was brimful of helpful and practical information 
and should prove a valuable addition to the Transactions. 

Reference is made in the first paragraph at the head of page 2 to the sap of English elm being of 
equal value to the heartwood. If this timber is exposed to alternating dry and wet situations the sap will 
be the first to decay. When totally immersed there are very few superior woods. Only this week in the 
city one of the old elm water pipes was brought to the surface in excellent condition. The character of 
the sap in elm is very different to that found in greenheart or lignum vite and it is considered the best 
practice is to avoid the use of elm with any appearance of sapwood in the construction of good class yachts. 


Mr. Lowson draws attention to the method of fastening the hooded ends of the planks of small 
vessels. Experience has proved that screw fastenings are to be preferred to nails. If the hooded ends 
are re-caulked or the stem receives a blow there is always a tendency for the nails to draw. 


I would like to ask Mr. Lowson his opinion on the relative value of the methods of securing the 
timbers of pulling boats by clenched nails over rooves compared with that of plying over the nails on the 
inside of the timbers. The former is the better practice when the rooves are inserted and the fastening 
is clenched immediately after the timbers are bent and secured. My own experience with small pulling 
boats and motor boats is that the builders leave the clenching and hardening up until a later period, and 
in the meantime there is a tendency for the frame timber to draw from the planking. Plying over the 
nails on to the timbers is a system not to be advocated but it has one redeeming feature in that the timber 
is drawn home to the planking when the boat is under construction. The system is responsible, however, 
for many broken timbers. 


The author does not express an opinion as to the merits of galvanised iron fastenings compared with 
those of yellow metal used in composite vessels. There is a diversity of opinion among builders and 
others interested in the subject. Yellow metal is a rather vague expression ; any metal apart from 
naval brass would appear to be unsuitable owing to the galvanic action set up between the steel and 
metal. There are not many firms who are able to manufacture naval brass satisfactorily by retaining 
the 1 per cent. of tin in the composition. A constant oversight by the application of mechanical tests 
is the only means of securing satisfactory bolts of the correct composition. The modern methods of 
galvanising give the fastenings a thoroughly good protective coating, and it would appear that they are 
adapted better for the connection of wood and steel than metal fastenings. 


In the fourth paragraph on page 10, Mr. Lowson in dealing with the method of fitting frames at 
the transom, states :—‘“*bent timbers may be fitted in one length with saw cuts if necessary.” This 
appears to suggest that permission might be given for timbers to be “nicked” with the saw in order to 
assist the bending at awkward curves, a practice which is sometimes resorted to but is considered an 
objectionable one. However, the author may have an explanation for this particular point in question. 


A number of sketches are given showing the combinations at the stem and sternpost, e.g., Figs. 22 
and 37. The introduction of a sole piece in the latter figure is made to facilitate the fitting of a dead- 
wood when there is a difficulty to obtain a suitable crook. The arrangement of combinations shown is 
to be seen in the construction of Loch Fyne fishing boats. It is very important that all the timber used 
in association with the stem and sternpost should be grown to shape. Some builders of motor boats 
steam the keel to shape into a well rounded fore-foot at the stem and thus save material. 


In the sixth paragraph on page 13 of the paper reference is made to the fitting of locking strakes in 
the deck planking, but it is presumed these are only necessary when lodging knees are not fitted. 


At the bottom of page 4 it is stated that keels of large vessels are usually “cast in situ,” ¢.e., in 
place. Mr. Lowson might inform us whether this practice isa common one in all districts. All lead 
keels require shaping and when they are cast in place the facilities for fitting are restricted. 

Mr. Lowson has “opened up” a very interesting subject and deals extensively in details, which 
invites discussion, but I will draw my remarks to a conclusion by asking the author what precautions are 
taken with knots in good class boats or yachts built with single skin planking. 
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CORRESPONDENCE. 


Mr. W. P. Conminas. 


I have read Mr. Lowson’s paper with considerable interest, and would like to express my appreciation 
of the excellent manner in which he has so ably described the various methods of wood ship and yacht 
construction, and illustrated his descriptions with so many instructive sketches. 


_ _ His paper, to me, invites very little criticism, as I find that almost every precaution is taken and 
instructions given for the various parts of the vessel to be built in the most efficient manner. 


From the sketches, I see that the present day practice of yacht construction has altered very little, if 
any, from that of 40 years or more ago, when I had considerable experience in this class of work during 
my early days. 

Mr. Lowson rightly states that the materials and workmanship should be of the best possible quality, 
particularly for Racing Yachts, as they are subject to great stresses when under sail. 


T have found that the laminz type of outside planking, diagonally or longitudinally, offers greater 
strength to the hull of the vessel, than the single thickness of planking which is mostly adopted. 
Although more costly it is very suitable for the Racing type Yacht. This system is always adopted by 
the National Lifeboat Institution for their lifeboats, of which 1 have built many. 


In this type of planking the outside surfaces do not show signs of straining at the seams, and are 
always smooth, which is of considerable importance. 


The seams of outside planking—where fitted in one thickness—invariably show signs of straining 
after a few hard sailing races, the putty being spewed out. 

Even for the type of wood ships (as Sketch 77 illustrates) the diagonal lamine system has been 
adopted for the inner planking, in lieu of iron diagonal strapping with outside longitudinal planking, its 
only objection to me being that it is a very costly operation to effect repairs, should the vessel receive 
extensive damage. 

During my sojourn in the United States two 800 ft. vessels were built on this system, and I found 
that the outside planking could be more effectively caulked, as the inside diagonal planking resisted the 
caulking from being caulked through the seams, as is often the case in single planked vessels. In this 
case the two diagonal planks were each 12 in. and the outside fore and aft planking 6 in. in thickness ; 
with the hood ends and keel well caulked it was practically impossible for the vessel to leak. 

As regards the fitting of centre line keelsons, these are more effective if the top layers are built on 
top of each other over the centre lower logs and additionally fastened on each side with knees, thus 
providing greater strength to resist hogging. The practice of fitting a centre line row of keelsons to the 
height of the hold beams amidships, gradually tapering towards the end of the vessel, in conjunction 
with one row of pillars, has been adopted in several twin screw steamers with good results, no hogging 
being perceptible whatever. 

Fig. 77 correctly illustrates the wood vessels, for the design of which I was responsible, built 
in Canada during the War period, except that steel centre keelson was adopted, so as to afford greater 
strength at the keel. 

The fitting of shelves instead of knees in large vessels has only been adopted in recent years; when 
well fastened horizontally and vertically through the beams and thick waterways they give considerable 
longitudinal and lateral strength to the top sides. 

The fitting and fastening of the ceiling, in this class of vessel, is a most important matter in the 
construction, especially at the bilges, where it is about 12 in. to 14 in. square; it should be fastened by 
two long dump bolts well driven into the timbers and two clenched chroabi bolts before the outside 
planking is fitted. 

As regards the rudder trunk, I think it is wise always to line the inside with lead up to the deck, 
otherwise there is a possibility of leakage above the normal load line if the wood of the trunk shrinks at 
the seams, as it sometimes does. 


Before closing my remarks I would like to add that I am of the opinion that the paper will be of 


considerable assistance to those of my colleagues who have not had experience in this class of work, 
should it be their duty at some future time to survey the building of such vessels, 
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Mr. W. Bennet. 


Mr. Lowson deserves our thanks for the pains he has taken in discussing the many troublesome 
details that beset the modern surveyor of wood hulls. For after all, wood construction is now almost a 
lost art, although the days of wood vessels are not yet passed. 


In a comprehensive paper, such as this, there is doubtless much opportunity for discussion, but the 
following points are, as briefly as I can state them, my reaction after a careful perusal. 

I have been particularly interested in the illustrative portion of the paper which illuminates the text 
very well, and offers quite a study in itself. 

The question of dry rot is one which is of primary importance in yacht surveys. All inside wood 
material, especially where fitted of large section, should preferably be left bare of paint, as its application 
simply prevents the natural aeration of the material. On the outside of the planking, of course, coatings 
are necessary for three reasons : (1) to form a smooth surface, (2) to prevent seagrowth and ingress of worms, 
and (3) for appearance purposes. Sap bottled up behind paint offers a breeding place for worms and 
wood germs; the sap sours and eventually the wood is affected, causing dry rot. Checks form in large 
spars such as masts, due to the outside drying faster than the inside. These being unsightly, are 
frequently caulked or puttied up, which is bad practice, as water lodges behind the caulking and 
eventually rot commences. If the owner insists that the checks must be filled, ib might be preferable to 
fill them, say, up to six or eight feet above the deck, and at this distance up insert a soft wood plug to 
prevent moisture getting behind the caulking. Ordinary checks in spars which appear radially on the 
surface should not be considered dangerous, but where the end section of the spar shows round circular 
checks concentric with the circumference of the spar, the material should be condemned. 


Mr. Lowson mentions yellow pine for stop-waters with a slight taper. It occurs to me that an 
untapered hole filled preferably with white pine or other soft wood stopper is preferable, as this will swell 
easier than the yellow pine and fill the hole better. 


Where close inside ceiling is fitted, lodging and other knees should be scored to form air courses, 
thus allowing free access of air to the interior, so that no “dead” air, always conducive to dry rot, 
is allowed. 


There is a detail of a back rabbet given in Fig. 8 which I think could be improved upon. Back 
rabbets such as these are bad, in that water collects in the drain and soaks into the seam. In winter this 
freezes with damaging results to the garboard and fastenings. 


In Fig. 22 the inner edge of the stem would be better extended down ina straight line to the 
bottom of the keel. The arrangement shown would open at the bottom butt of the stem through any 
swelling of the planking. 

For the same reason, a square butt of the trunk cheek on the horn timber (Fig. 38) could be 
recommended instead of the rabbet shown, as the butt could then be caulked at any time if necessary. 
Cement in the bottom is undesirable for the same reason, especially in yachts and vessels that lie up all 
the winter. 


On several of the sketches the fastenings in the scarphs are shown fitted normal to the material. 
They are sometimes fitted at right angles to the line of the scarph, this being the best disposition as 
regards the strength. That this is so can be easily demonstrated by the simple experiment of nailing a 
couple of planks as shown: 


AAA 


at 


A «—_. WEDGE 

3 
with two nails in each plank. If a wedge is driven between them, B (which has the nails pointing 
towards the wedge) will fail before A, 7.¢., the nails hold firmer if driven in the same general direction 


as the stress. As regards bolts, a driven screwed bolt has about twice the grip of a smooth bolt, and has 
the additional value in that it can be unscrewed for repairs if necessary. 
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Locks in keel or stem scarphs are an unnecessary refinement. If a lock is deemed necessary, this 
could be more easily and preferably obtained by fitting an ordinary locust treenail at the centre of the 
scarph, which is at least 25 per cent. stronger than any ordinary lock. In vertical scarphs, locks are 
especially unnecessary. The length of the scarph is all-important. 


Signs of weakness in a wooden hull are usually found in the middle of the vessel, due presumably to 
the stresses imposed in hogging and sagging. The ends usually rot out rather than wear out. 


Small yachts, say up to about thirty or forty feet in length, are sometimes constructed upside down, 
then inverted, and the lead keel added afterwards. At the famous yard of the Herreshoff Manufacturing 
Company, at Bristol, Rhode Island, the lead keel bolts are always screwed to the lead keel. 


The notching of the beam in way of the waterway and shelf shown in Fig. 78 is good practice, as 
this forms an excellent support to the sides of the vessel. 


In the design of beam knees, shown in Figs. 50 to 61, there appears to be a little stiffness in a 
design such as that given in Fig. 57. The best form of knee is that shown in Figs. 51 and 52. 


I think Mr. Lowson might have given some information on the subject of edge bolting, stating its 
function, and supplementing this with a sketch showing the usual lay-out. He might also have added 
some details regarding the strength of spikes and drifts as compared with through bolts and treenails. 
These questions are of considerable value in the case of proposed vessels, where the arrangements 
submitted are at variance from the strict Rule requirements. However, I am sure we are all indebted to 
the author for the information and details given in this valuable contribution. 


REPLY BY THE AUTHOR. 


Before replying to the discussion, the following should be amended in the paper. Under Fastenings, 
page 2, line 6, read “drift should not exceed ,), for hard woods and 4}, for soft woods”; line 17, read 
“cast metal and (instead of or) they should have a rough surface”; under Keels, page 3, the word 
“transversely” at end of second paragraph should be deleted. 


The heel fastenings as shown in Fig. 1 referred to and as stated by Mr. Watt do not serve any useful 
purpose other than the securing of the heels of the timber during erection until the planking is wrought 
and his suggestion to use clamps would be rather cumbersome, and as the fastening of the heels of the 
timbers by the method suggested could not be done until the planking is in place, it would be necessary 
to remove the clamps leaving the heels loose before the floors were through fastened. The screws shown 
were omitted in one case and it was found that this did not make the construction any simpler. The 
heels in another case were dovetailed into the keel, which was a very expensive and laborious method and 
did not prove any more efficient. The simplest and most economical method was found to be as shown in 
the sketch. 

As to the utility of the drains shown in some cases, I am in agreement with Mr, Watt, but methods 
have to be provided to allow drain water to find its way to the pumps. The methods adopted to keep the 
drains free afterwards rest with the captain and in many cases these drains are found completely choked 
before the vessel is very long in commission. The size should be consistent with the scantlings. In 
vessels with bottoms having a slight rise of floor Mr. Watt’s suggestion regarding the fitting of ‘“ Lito” 
would be a difficult proposition. My opinion regarding small vessels where the cavities are small is that 
they should be left without drain holes and mopped out as Mr. Watt suggests. 


Mr. Watt’s experience as to the strength of the end connections of the planking is similar to my 
experience in damage surveys on wooden vesséls. The method of fitting foxwedge treenails described by 
Mr. Watt may have been a means of preventing withdrawal, but one would consider that the enlarged 
inner end of the treenail would require to be made oval so that when the saweut was removed it would be 
of a diameter to suit the hole and so reduce it to the proper diameter. The fitting of these treenails must 
have taken great patience, ¢.g., try to replace in a bottle a cork having a swelled end even with a wedge 
removed, the cork being more pliable than an oak treenail, and observe the result. 

Regarding the fitting of split planking at ends, this is only done in cases where the planking is of 
good scantling, although in some cases the planking is split and then cross cut to form a butt with a half 
check or lap. The thicknesses are coated and refitted making the planking equivalent to fitting in two 
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layers. The method sometimes adopted and stated by Mr. Watt of transverse saw cuts in the planking is 
not to be recommended, although it may fulfil the purpose intended. I believe this method of saw cuts 
is used in coflin-making when rounding the shoulder at the widest portion. 


Mr. Blocksidge’s remarks about English elm sap wood being less suitable than heartwood I agree 
with, but the keels of yachts are, practically speaking, always wet, even although hauled up for the winter, 
as the weather conditions during the winter months are mostly wet, so one could not state that keels 
experience the alternate wet and dry conditions peculiar to elm so often talked about. I have seen elm go 
bad in a short time even when fully immersed and also have examined and found the same kind of elm 
after many years as good as when originally fitted into a vessel. This timber, in my opinion, is very 
uncertain and may prove very good as well as very doubtful. 

The question asked by Mr. Blocksidge regarding fastenings with rooves compared with that of plying 
over in timber has also been answered by him in the same paragraph and with his statement I agree, but 
the opinion is that if the planking is fastened and clenched on rooves at the time of fitting each strake, it 
is to be preferred to plying over. The plying over has been done in a few cases of medium sized 
vessels, the result producing several split timbers. The plying over should be done across the grain and 
not with it as is usually done. The expense and renewal of the planking with plied over fastenings 
during repairs is a very difficult proposition, usually resulting in the frame timbers being renewed at the 
same time. The removal of the plank fastenings is very difficult and is usually done by splitting off 
each plank very carefully and then cutting each fastening. On the fastenings being again driven and 
turned over, the tendency has been to completely split the timber. Fastenings of about } in. diameter in 
one vessel were turned over at the owner’s request and resulted in many timbers being split and renewed 
during construction, so much so that the owner stated that he would never have the practice carried out 
again in another vessel. Small vessels by first-class builders have the fastenings clenched over as the work 
progresses but in others the practice has been and is to leave all fastenings until the planking is finished 
and then clench them all afterwards. In the latter case the result is that if any plank is full, the tendency 
is for the planking to draw away from the timbers. In good practice it is customary to fasten each plank 
as the work progresses and the vessel fastened with rooves is to be recommended. 


Mr. Blocksidge questions the advantages of metal fastenings over galvanised iron and if I may express 
an opinion, it is that each is quite suitable for use in composite vessels, although naval brass having and re- 
taining the correct properties and satisfying the mechanical tests is to be reeommended. Galvanised iron 
fastenings have been examined in several vessels built twentv years previously and found satisfactory, the 
assumption on each occasion being that these were fitted at the time of build, but the effects on the 

lanking in the vicinity was that the planking had lost some of its virtue by the oxidisation of the iron. 

n a few vessels the galvanised iron fastenings were found to be badly wasted, through oxidisation, towards 
the middle of the timber. Yellow metal is, as stated, a very vague expression and in some cases has proved 
to be of a very poor quality and should always be tested before use or one should be satisfied previous to use 
that the mechanical tests have been applied and proved satisfactory. The galvanising of iron fastenings 
as stated by Mr. Blocksidge, gives a good coating, but this is usually destroyed by the re-screwing which 
leaves a non-protected surface for oxidisation where most of the trouble of wastage occurs. 

By the paragraph referred to on page 10 regarding fitting frames with saw cuts is meant that the 
saw cut is down the frame from the upper end towards the heel, making the frame moulding into two 
layers and not “nicked” as could be interpreted from the paper. The method of bending the keel to 
form a well-rounded fore foot described by Mr. Blocksidge is not recommended, although it has been and 
is still done, on some vessels. 


Lodging knees are fitted in addition to the lock strakes referred to by Mr. Blocksidge which are 
only fitted in vessels of larger dimensions. The casting of ballast keels “in situ” is still carried out by 
most builders when the ballast keel is of lead, but when of iron it is invariably cast in a foundry. Iron 
ballast keels when of large dimensions are usually cast in sections, but these are very rare. The difficulty 
of transport and handling of keels at the yard is the greatest trouble for builders fitting iron keels, 
although very few exceed 15 tons. The shaping and trimming of lead ballast keels upon which the 
vessel is built is usually carried out after the vessel is planked, and seldom presents any difficulties. The 
questions of knots in timber is a very vexed one, and, as none are allowed, precautions should be 
unnecessary, but when a loose knot coming between the timber requires to be fastened, a pad is fitted 
between the timbers to form a strap to which the knot is through fastened. 
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Mr. Collings’ remarks are very interesting, and his remarks about laminated vessels are concurred in 
as regards the strength and the extra cost of construction. With regard to the inner planking assisting 
to make more efficient caulking, this should not be considered during construction, because if the outer 
seams if as stated in 6 in. planking, require a backing, they would be considered too open, although, in 
some cases, a backing has been almost necessary to prevent the caulking finding its way entirely through 
the seaming. In some old vessels it has been necessary to fit inside landing strips to assist in holding 
the caulking, and in some more modern vessels wide seams are still to be found. It has often occurred to 
me that the spewing of the planking seams in new vessels is partly caused by the extra strain put on the 
fastenings when the planking of the vessel swells and is not entirely due to the extra strain caused whilst 
sailing. Cn examining new vessels after the first season, planking was found to have left the timber 
infinitesimally, and it was concluded that the swelling of the timber had caused this, and was also at the 
same time responsible for some of the spewing at the seams. This is more noticeable in vessels built of 
not too close grained materials. 


The cost or methods to be adopted in the repairing of vessels of laminated construction referred to 
by Mr. Collings, does not enter into the minds of builders, and is not usually taken into consideration 
whilst the vessel is building. Builders state that a vessel, if properly used and cared for, should not 
require repairs on account of damage. 


Mr. Collings’ remark about being responsible for the design of the vessels built in Canada and also 
about the fitting of iron centre keelsons are very interesting, but as this paper was written primarily for 
wood vessels, composite construction was avoided in the sketches as far as possible. The leading of the 
inside of a rudder trunk to the deck as a means of preventing leakage is quite justifiable, but this was 
stated in the paper to be a protection against the worm, and not to overcome any chance of leakage. 


Mr. Bennett’s remarks on dry rot are very interesting and, as this subject has been so ably discussed 
by Mr. Shaw in his paper, it seems futile for any further remarks on dry rot to be made at this time. 

The making of stopwaters of yellow pine described in the paper and mentioned by Mr. Bennett was 
meant for yellow pine in the U.K. and understood as white pine in U.S.A. ‘The back rabbet to which 
Mr. Bennett refers to in Fig. 3 has been in use in this country for some considerable time and as far as my 
experience, and the experience of shipwrights of olden days goes, has not given any trouble. From Mr. 
Bennett's remarks one would conclude that the chances of freezing water in other places where a cavity 
exists would also have the same damaging effect and this may be the solution of unknown causes of leakage 
later. Mr. Bennett’s remarks on Fig. 22 areconcurred in and my thanks are due to him for drawing 
attention to this detail (the stop should be drawn the reverse way to that shewn), although very little 
trouble is experienced in the swelling of the timber at the ends of a vessel, the tendency being in most 
cases for the planking to spring off. ‘he fitting of a plain butt at the trunk cheek has not proved, during my 
surveying experience of old vessels, to be so satisfactory and the practice now is to have these fitted as shown. 
The fastenings in scarphs fitted normally to the line of scarph is no doubt the best method but this 
necessitates scoring out the upper and lower edges to allow the washers to lie snug, thereby destroying a 

art of the sectional area of the materials, Appearance is generally taken into consideration, in yachts, 

y the builders when fitting the fastenings, at the same time retaining the efficiency of the joint. The 
screwing of lead ballast keel bolts does not seem to have found favour in this country, but the few I 
have had the opportunity of examining have been found very satisfactory ; through ballast keel fastenings 
appear to have the preference with builders in this country. 

Mr. Bennett’s requests for particulars regarding edge bolting and also for the strength of spikes and 
drifts compared to through bolts and treenails have been noted. It would be very difficult to give any 
concrete cases as so many forms and types of fastenings are used in the construction that it is considered 
that at this time it would be inadvisable to lay down any definite particulars to follow. 

Dr. Law’s remarks on the co-ordination and sequence in the setting out of the paper are noted, but as 
this paper has been reduced very considerably to comply with our Honorary Secretary’s wishes for brevity, 
Iam afraid co-ordination had to be waived to comply with the restrictions put upon the length of the paper. 


“CORRUGATED FURNACES FOR MARINE BOILERS,” 
By W. H. ROBERTS. 


Reap 16TH Novemper, 1927. 


This paper is intended for those who have not had the opportunity of visiting works where the 
manufacture of furnaces is carried out. Possibly those who have may also find it interesting. 

On making enquiries in the trade respecting literature on this subject, it was stated that an article 
appeared in a magazine over twenty years ago, and that nothing on the subject has been published since. 
As probably improvements have taken place since then, it is thought that advantage should be taken of 
the above fact, and the methods which are in vogue at the works of one of the largest marine furnace 
makers brought to the notice of our members. 

Steam ships have one great advantage—their boilers can burn either coal or oil as fashion and 
supply may demand. The motorship relies entirely on the oil supply and what its future may be it is 
difficult to foresee. 

There are few firms in this country carrying on this special kind of work, and, strange to say, most 
of them are situated in inland towns. 

One firm is stated to have turned out as many as 100 finished furnaces in a week. It is only 
necessary then to allow, say, nine furnaces per ship as an average to find out the number of steamers 
and the amount of tonnage a works of this size could supply in a year. Possibly this is one of the 
principal reasons why there are so few furnace makers. 

In the manufacture of furnaces, mild steel, made by the Siemens Martin Acid Open Hearth process, 
of the best quality is used. Every precaution is taken to see that it has the right carbon, etc., and that 
it is as free as possible from impurities. Whilst in the melting furnace samples are taken and analysed by 
the chemists, who have to sanction it before it is run off into the ingot moulds. In this case the ingot, 
used is about 4 tons weight. After being withdrawn from the mould it is placed in a soaking pit and 
heated to the required temperature. It is then cogged down to a slab about 36in. x 6in., taken to the hot 
shears where about 15 per cent. is removed from the top and 5 per cent. from the bottom, and cut into 
billets to suit the size of the plates required. 

The billets are again heated and rolled into plates, the number of passes through the rolls being 
about 30. 

Plates intended for the manufacture of flanged furnaces are rolled with one end slightly thickened 
to ensure that the flanged portion of the finished furnace shall not be less than the body as regards 
thickness. This is done by turning one end of the roll taper. 

After the plate is rolled it is branded to the required inspection, the charge and plate numbers being 
added. It is then marked to the required size, after which the Surveyor stamps the plate and strips for 
tensile and bend tests. It is then sheared and the strips are passed to the testing department, where they 
are prepared and tested in the presence of the Surveyor. 

Providing the results of the tests and surface inspection are satisfactory, it is passed into the furnace 
shop, where test results, é.¢., tensile and elongation, are stamped on the plate before its removal. 

The plate is now bent cold in the rolls to the required diameter, and about one inch lap allowed for 
welding (Figs. 1 & 2). Fig. 1 shows what is supposed to be the quickest and most satisfactory method 
for bending plates that have to be corrugated afterwards, while Fig. 2 shows an arrangement which makes 
a more perfect circle, 7.¢., it takes the irregularities out better. 

After bending a plate, say 11 ft. 3g ins. long by }} in. thick into a circle, subsequent measurement 
will show that the outside of the shell has increased in length by about 2} ins. 
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Water gas has been found one of the best and cheapest agents for welding furnaces. Burners are 
used at both the top and bottom of the plate to ensure uniform temperature throughout. 

In this case the welding is performed in two operations. The first operation is carried out with the 
furnace lying horizontally, 7.e., the two ends of the furnace are welded under the steam hammer. The 
second operation consists of welding the remainder of the seam, with the furnace in a vertical position, by 
the roller process. 

It appears that some firms weld the entire seam under the steam hammer (Figs. 3 & 4). 

The furnace, after being welded, is taken to the corrugating mill to have the corrugations rolled in 
(Fig. 5). 

The circularity of the furnace when finished is guaranteed to be within %; of an inch of a true circle, 
and the uniform thickness not below the specified thickness. 

Fig. 6 shows some different types of corrugations. 

The barrel is heated to about 900 degrees F. to ensure the process being carried out in one heat, and 
it is then placed on the lower roll. The top roll is now shipped and coupled up, with the rolls adjusted 
so that they cannot come closer together than the thickness of the material. Everything now being 
ready, the lower roll (which can be lifted or lowered as desired) is lifted and pressed into the barrel, 
giving it a corrugated impression before setting the rolls in action. 'The two small rolls at the sides are 
guides to ensure circularity. These are adjusted, the rolls set in motion, and the barrel corrugated. 

The diameter of the furnace after corrugating is generally found to have increased about an inch, 
and the length to have decreased about 1} inches. ‘These differences are allowed for in the original 
shearing of the plate. 

The time taken in corrugating a barrel is about half-an-hour, twenty minutes of which is taken up 
in the heating furnace, five minutes in the rolls, and the remainder in transportation. 

The corrugated barrel is now passed to the recessing machine (Fig. 12), where the front end is made 
near to size. Afterwards it is marked and sheared to suit the type of flange required, viz., Gourlay or 
Flanged type. It is now taken to the press, heated and flanged (Figs. 10, 11 and 15), passed to the 
shears and cut roughly to template. Now it is placed on a levelling block according to type and squared 
up, and returned to the recessing hammer (Fig. 12), where the front end is made to the exact 
circumference. The pneumatic chipper is now used to trim the back end up to template. The front 
end is next machined to length, and all marks and roughness due to manufacture are now removed with 
grinding machines and the weld examined. 

The furnace mouth is usually made half-an-inch larger in diameter than the diameter over 
corrugations. ’ 

The workmanship on the farnace now being completed, it is placed in the annealing furnace and 
brought to a dull red heat, and allowed to cool there. 

Figs. 7, 8 and 9 show different back end flangings. 


TestinG, Ere. 


As previously mentioned strips were cut from each rolled plate and passed to the testing house to be 
prepared for testing. 

It might be as well to quote the Rules of Lloyd’s Register of Shipping respecting the testing of 
boiler material. 

Tensile Tests—One tensile test piece is to be taken from each plate as rolled. If the plate exceeds 
24 tons one tensile test piece is to be taken from each end. 

Bend Tests—aA cold or temper bend test piece is to be taken from each plate as rolled. For plates 
exceeding 24 tons weight one bend test is to be taken from each end. 

The tensile breaking strength is to be between the limits of 26 and 30 tons per square inch. 

The elongation measured on a standard test piece, having a gauge length of 8 inches, is not to be 
less than 23 per cent. for material of *375 inch in thickness and upwards, 
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‘Temper bend test pieces are to be heated to a blood red and quenched in water at a temperature not 
exceeding 80 degrees Fahr. The colour is to be judged indoors in the shade. 

The following are the analysis and test results taken from furnace material ordered with two ton 
limits, viz. :— 


Carb. Sulph. Phos. Mang. Silicon. 
per cent. per cent. per cent. per cent. per cent. 
va was 037 aia 033 st “O10 vie 020 

Tons Elong. 
Breadth. Thickness. Area. Tons. per sq. in. per cent. Bend. 
1°75 eee 71 a 1243 eee 33°4 ays 26°9 aie 31 os 180° 


In order to obtain a basis on which suitable working pressures of corrugated furnaces might be 
assigned a series of tests to destruction were carried out in the presence of representatives of the Board 
of Trade, British Admiralty, Lloyd’s Register and other representatives. 

The particulars of one typical experiment were as follows, viz. :— 


Suspension BuLB FURNACE. 


Inside dia. Thickness. Collapsing Pressure. 
$ft.105in. ... ev. rf aaa ga ls at ser “cs 1105 Ibs. per sq. in. 


Machine made furnaces of the Suspension Bulb Type, provided they are practically true circles, 
the pitch of the bulbs does not exceed 8 ins., the depth from the top of the bulbs to the least outside 
diameter is not less than 2}ins., the plates are not less than 4%;in. thick, and the curves between the 
bulbs are fairly uniform in thickness, are allowed the working pressure found by the following formula :— 


510 x (T—1) = WP 
D 
T = Thickness at bottom of corrugation in thirty-seconds of an inch, 
D = External diameter at bottom of corrugation in inches, 
WP = Working pressure in pounds per square inch. 

The plain parts at the back ends should be so made that the length measured from the water side 
of the back tube plate to the centre of the back end corrugation does not exceed 9 ins, 

The plain parts at the front ends should also be so made that the length of the flat, measured from 
the centre of the rivets by which the furnace is secured to the front end plate to the commencement of 
the corrugation does not exceed 9 ins. 

In the case of one Deighton’s Patent Furnace tested to destruction, the following result was 
obtained, viz. :— 

Smallest Internal Diameter. Thickness, Collapsing Pressure. 
2 ft. 735 in. ee xp in. a0 1475 lbs per sq. in. 

Machine made furnaces of the Fox, Morison, or Deighton’s Corrugated types, provided they are 
practically true circles, and the plates are not less than 4°, in. thick, are allowed a working pressure 
found by the following formula :— 

480 x (T— 1) = WP 
D 
T = Thickness at bottom of corrugation in thirty-seconds of an inch, 
D = External diameter at bottom of corrugation in inches, 
WP = Working pressure in pounds per square inch. 
In the Fox section the pitch of the corrugations should not exceed 6 ins. In Morison and 


Deighton’s sections the pitch should not exceed 8 ins., and for all these types, from the top of 
corrugations outside to the bottom of corrugations inside, should not be less than 2 ins. 
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The plain parts at the back ends of furnaces of the reverse flanged type, should be so made that the 
length measured from the water side of the back tube plate to the centre of the back end corrugation 
does not exceed 9 ins. 

The plain parts at the front ends should also be so made that the length of the flat, measured from 
the centre of the rivets by which the furnace is secured to the front end plate to the commencement of 
the corrugation does not exceed 9 ins. 


BottLeE Neck FURNACES. 


The length between water side of the back tube plate and the centre of the first corrugation should 
not exceed 104 ins. 

The vertical axis of the contracted portion should not exceed the horizontal axis by more than 
144 per cent. 

The set up portion at the bottom should not exceed 8 ins. measured over the plates. 


INSPECTION. 


All furnaces before dispatch are examined for surface and other defects, gauged for circularity and 
the thickness checked. Particular attention is given to the weld, which is generally on the bottom 
centre line, except when otherwise ordered. Some firms like their furnaces welded about a foot from the 
bottom centre line, and supply a sketch showing arrangement of welds. 

Information regarding a furnace can be obtained from the marking on the first corrugation at the 
bottom towards the right land side, viz. :— 

1. Inspection brand. 
2. Charge number. 
3. Plate number. 

4, Tensile result. 

5. Elongation. 

6. Surveyors’ stamp. 

In conclusion, the author wishes to thank Messrs. Leeds Forge Co., Ld., for lending the 
illustrations; they were the pioneers in the manufacture of corrugated furnaces, the Fox furnace being 
patented by Mr. Samuel Fox, the founder of the company, and the manufacture was commenced as far 
back as 1878. 

It is hoped that the discussion on this paper will bring forward many interesting experiences with 
furnaces of all makes, both oil and coal fired, forced and natural draught, as the more contributions and 
points of view we can have, the more useful this paper will be. 
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DISCUSSION ON Mr. W. H. ROBERTS’ PAPER ON 


CORRUGATED FURNACES FOR MARINE BOILERS. 


Mr. 8. F. Dorey. 


I think it was the late Captain Riall Sankey who said that the value of a paper, together with its 
discussion, was approximately a constant quantity, so that if Mr. Roberts’ paper is somewhat brief no 
doubt its value will be enhanced by the discussion and the author’s reply. 

It is noted that the author refers to the use of Siemen’s Marten Acid Steel for furnaces, and it would 
be of interest to know whether acid steel is considered superior to basic steel, and, if so, why? I know 
of one firm of furnace makers who prefer basic steel on account of ensuring a better weld. 

With regard to the statement that 15 per cent. is removed from the top of the slab and 5 per cent. 
from the bottom, it is presumed that this does not refer to the total discard of the ingot which will be of 
the order of 85 to 45 per cent., of which about 20 per cent. can be used for ordinary ship plates. 

It is interesting to note that furnace plates intended for flanging are rolled taper. This puts more 
work on one side of the plate than the other and necessitates special rolls. It appears that some manu- 
facturers prefer to order their plates ,!; in. to 7, in. thicker. This also ensures a safe margin for 
corrugating and allows for losses due to heating. No mention has been made of vertical rolls for corru- 
gating furnaces, though I know of two firms of repute who employ this method which facilitates 
handling, and also prevents, to a certain extent, so much scale being rolled into the material. 

The author quotes typical tests on two types of corrugated furnaces, and it is interesting to note that 
the factors of safety are almost the same, viz., 5°9 for suspension bulb furnace and 6°07 for Deighton, 
illustrating in a practical way the increased strength, for same thickness of plate, given by the suspension 
bulb type. It would be an advantage, however, to know the tensile strength of the materials for each 
type of furnace, and would the author also state where these furnaces failed, at the plain part or in the 
corrugated portion. 

Mentioning tensile strength, perhaps the author would give his own views regarding the suitability 
of material having an ultimate tensile strength of 26 tons per square inch compared with that of 30 tons 
per square inch, both as regards manufacture and subsequent treatment. The tendency at present 
appears to be to keep as near as possible to 26 tons on account of welding and flanging. Hence the often 
specified range of two tons. With the gradual increase in boiler pressures the diameters of furnaces are 
limited owing to the maximum allowable thickness, so that consideration of tensile strength may need to 
be examined from other standpoints. 

Would the author also state what overlap he considers most suitable for the welding of furnaces, 
and, if possible, give particulars of furnaces which have failed or given trouble in service at the welds. 
In the case of oil-fired boilers the weld is not protected as in coal-fired boilers, and possibly with the 
introduction of pulverised coal burning, increased trouble may be expected at that part of the furnace, so 
that any further remarks on the welding of furnaces and care taken to prevent cracking, due to stresses 
set up on contraction during the process of welding, will be appreciated. 


Mr. L. H. F. Youne. 


In the four types of corrugated furnaces referred to in the paper the suspension bulb type seems to 
stand apart from the other three. It is a stronger furnace than the others, to the extent of about six per 
cent., owing to the greater depth of the corrugations; but yet there does not appear to be the same 
demand for this type of furnace as for the others. Is this because additional rolling is required, thereby 
increasing the cost of production; or is it because that for the same grate area the extreme outside 
diameter is larger, thus reducing the clearance spaces in the boiler ? 
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The author gives some interesting facts regarding the testing of furnaces to destruction. It is 
concluded that these tests were carried out on new furnaces. Is there any information for similar tests 
for furnaces that have been in use for a number of years? If so, it would be interesting to compare the 
figures, for one would expect there to be widely divergent results between those for new furnaces, furnaces 
in which coal had been burnt for a number of years and those in which oil fuel had been burnt. 


Mr. Ewrna. 


We are all familiar with corrugated furnaces in service but few of us have had the opportunity of 
following the furnace through all its stages of manufacture. 

In view of the trouble we are experiencing with welds opening up in oil-fired furnaces Mr. Roberts 
might throw a little more light on the methods of preparing plate edges for welding. Near the bottom 
of page 1, we read, ‘‘ The plate is now bent cold in the rolls to the required diameter, and about one inch 
lap allowed for welding.” 

Figs. 1 and 2 show the plate edges left square without any scarph. 

With that system of welding it is not surprising that the plate edges are splayed over and give an 
actual lap of three to four inches, which, if there is any scale or dirt in the weld, forms a diagonal 
lamination liable to open out under oil fuel conditions. No doubt the author will be able to give us a 
little more information regarding methods of preparing edges before welding. I wish to thank Mr. 
Roberts for his interesting paper. 


CORRESPONDENCE. 


Mr. P. T. Brown. 


The subject of this paper is of considerable interest, and I am sorry the author has not explored the 
wide field which the comprehensive title provides. 

Having practically confined his remarks on furnaces to a description of the method of manufacture 
adopted by an eminent firm of great experience, which methods are beyond criticism, the author places 
himself in like position. 

Although brief, this paper will be of great interest to those who have not had the opportunity of 
seeing corrugated furnaces made, and the author deserves our very best thanks not only for the paper but 
also for the continued interest he shows in our Staff Association. 


Mr. J. PRINGLE. 


Mr. Roberts’ paper on Corrugated Furnaces for Marine Boilers is of special interest to me as I have 
inspected furnaces in this district for over 17 years. 

The author’s remarks as regards the plates are quite commonplace, but the methods are mostly out 
of date; especially as regards the Stephen Gourlay ends, as they have been completed for some consider- 
rd id without any hand flanging, whereas the furnace made from the tapered plate is all hand 

anged, 

The welding process and corrugating plant as described appear to be now obsolete. 

If I may be permitted, I will endeavour to describe the latest method of making furnaces by which, 
I understand, the production is considerably increased and costs decreased, but before doing so I should 
like to make some observations on Mr. Roberts’ paper. 

In paragraph 8 the author states that plates for flanged furnaces are rolled with one end thickened. 
One firm in this district which specialises in furnace making never has used tapered plates even when 
they were hand flanged, but ordered their plates ;4;in. thicker than required. (This plan, I should say, is 
necessary in all cases as it provides for the losses due to heating). As the flanging proceeded the ends 
were stiffened up with the sledge hammer. They found it cheaper and more convenient to do this than 
to use tapered plates, and, as I understand, there were only two mills who rolled tapered plates, con- 
sequently their orders for this type of plate were confined to these two mills. 
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Regarding the lap allowed for welding, this is a very important matter. Too much lap spreads. 
With hammer welding, especially, the scarphs do not appear to be properly welded and sooner or later 
develop into cracks ; the welds also have a tendency to lift when being corrugated. At the same time a 
bad weld results if the overlap is too small, as it bursts away when the pressure is put upon it. 

It is a very old common workshop practice to allow one-and-a-half times the thickness of the 
material for welding, and in my experience it works out very well. 

In my opinion the roller welding is by far the better method of welding furnaces. For this reason— 
you get a uniform thickness of weld, and overheating is eliminated owing to the welding taking place so 
quickly after leaving the fires. 

I should like to ask the author if he prefers the vertical roller welding process to the horizontal 
method, It appears to me the man operating the welding is unable to see the inside scarphs by the 
vertical process. I do not see any advantage in the vertical roller welding unless the idea be that the 
scale will fall off, but I think it is generally recognised that scale will not fall off plastic metal, and most 
of it must be scraped off. 

With steam hammer welding there is always the possibility of overheating taking place owing to the 
number of heats required to weld the laps together. There is also a tendency to spreading. 

By the roller process 12 ins. to 15 ins. can be covered in one heat whereas the steam hammer can 
only do 6 ins. 

In the welding of furnaces very great care has to be taken, so that the metal will be welded perfectly 
straight during the whole length. It has been usual in the past for sections of varying lengths to be 
tagged at the ends and sometimes in two or three places along the seam, but experience has proved that 
in these cases, owing to the movement of the metal during heating, it has been impossible to weld the 
barrel true to form. In some cases where it has been tagged at the extreme end the circumference at the 
centre of the barrel when welded would be very much smaller than at the ends and the centre of the plate 
would be somewhere about from 1 in. to 14 ins in camber. 

It will be readily seen that this is very important. This barrel must be rolled to circular form and 
in the process of rolling it must stretch to gain a truly uniform diameter before corrugating and in the 
stretching it must necesssarily reduce the thickness. 

Quite recently, I happened to be in one works inspecting furnaces and they had just finished 
corrugating a Deighton type furnace and on examination of the weld there were cracks in four or five 
corrugations. This furnace had been made by tagging the ends before commencing to weld the seam. 

These difficulties have now been overcome by one of our modern makers by the following method :— 
The opposite end from where they commence to weld is left open by 14 ins. or so according to the 
thickness of plate used, and, as there is a slight contraction after every heat, when the welder has 
completed his welding this lap gradually works in and keeps a straight line when the welding is 
completed. (See Fig. 1). 


THE LaTEst METHOD OF FuRNACcE MakING. 


The plate is bevelled at both ends in a planing machine and then bent in the rolls cold, the welding 
takes place as described in the foregoing paragraph. (See Fig. 2, which shows the horizontal roller 
welder). When the welding is completed it is placed in a vertical heating furnace, Fig. 3, and then 
corrugated in vertical rolls, Fig. 4. By this method of corrugating you get a true furnace whereas in the 
horizontal rolls there is a tendency to twisting, and much cleaner furnace is obtained from the vertical 
process because the scale drops off the material during the rolling operation. 

a8 furnace is then ready for flanging and the method of flanging a Stephen Gourlay end is shown 
on Fig. 5. 

It will be observed that the press has one ram for holding the furnace in position, No. 2 ram for 
setting Gourlay neck, No. 3 for flanging plate back, No. 4 ram for squaring up flange. This is completed 
in three heats and without any hand hammering, against ten to twelve heats by the older method. 

The furnace is now placed on the levelling block for squaring up if needed, and then made to the 
length required, after which it is ready for annealing and then pickling. 

By this latest method all the roughness caused by the sledge hammering is eliminated. 

I trust these few remarks may be of interest to those who have not had the opportunity of witnessing 
the manufacture of furnaces. 


ut)" 
ai 


4 


Mr. H. L. SutHerst. 


Mr. Roberts has opened up an interesting subject on which, as he remarks, little literature is 
available. His description of welding vertically is interesting and in this connection I should be glad to 
know whether the weld is begun at the top and continued, or whether it is stopped halfway and the 
furnace reversed for the remainder. In the Clyde district the welds are generally begun at the ends and 
worked to the centre, the lap being about 14 ins. x thickness of plate dealt with. Both roller and 
hammer welds obtain, and both give good results. Corrugating varies, in that one firm carries out this 
operation rolling in one direction only, another reverses at the start, whilst a third depends on a pressed 
corrugation. 

In rolling, too high a speed causes a “screwing” or end thrust which tends to form grooves. 

Water is sometimes sprayed on the furnace once the corrugations are formed, and this, it is claimed, 
not only cracks off scale, but stiffens the furnace so that when removed from the rolls, it is less likely 
to sag. 

Scale, if not removed, causes pit-holes, both during the welding and in the rolls. 

(a) and (0) show two methods of rolling :— 


(@) (b) 
<— SURNACE Zh Q) 


In (a) the scale drops to the bottom and mostly stays there, while in (0) rolled in one direction only, 
it is claimed that scale remains on the “off” side. id have examined a number of furnaces, “ Fox,” 
“Morison” and “ Deighton,” immediately after rolling, and found in each corrugation a good handful of 
scale, sufficient to produce ugly pits if allowed between the rolls. Slightly more scale is formed in the 
“Deighton” section, probably because, owing to its more complicated form, it it is usually brought to a 
greater temperature before rolling. 

In my experience most rolled furnaces are slightly smaller in diameter at the ends, caused partly, I 
believe, during the rolling and partly through the ends coming in during flanging, etc. If the author 
has found the same trouble, perhaps he will say how it can be avoided. 

All boilermaking is interesting, and Mr. Roberts is to be thanked for his contribution to a section of 
it not always easy to see, and which is not done in every boilershop. 


Mr. L. C. Davis. 


I wish to thank Mr. Roberts for his paper. Furnace makers very reasonably claim a “tolerance” 
of an } in. discrepancy between the vertical and horizontal diameters of their products, but are generally 
unconcerned whether it is the vertical or the horizontal diameter that is slightly in excess of the other. 

It is, however, desirable if any difference occurs that the vertical diameter should be the greater. 
The furnace is, of course, no stronger than in the reverse case, but the fact remains that many furnaces 
come “down” to one that collapses laterally and a slight handicap may not be without advantage. 
Moreover, many a superintendent finding a furnace } in. “down” in a new boiler would say to the boiler- 
maker : “ What are you going to do about it?” but none would object to the same furnace being } in. 
“up,” and many a discussion on the merits or dex rits of a particular furnace (of which, thanks to the 
surveyor at the boiler works, the maker rarely hears about) would be avoided if this very simple axiom 
were taken to heart and consistently acted upon. 


Mr. F. B. Smira. 


The author in his paper deals with different types of corrugated furnaces and their manufacture, 
and at the conclusion hopes that it will bring forward many interesting experiences with furnaces of all 
makes, oil or coal fired, forced and natural draught. As he has dealt fully with the methods of manu- 
facture, and the precautions used to ensure that the materials are of the highest standard, it does not 
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seem out of place to mention a few defects and methods of repairs which have been met with from time 
to time, and to ask the author for his opinion—even though the paper commences with ‘ This paper is 
intended for those who have not had the opportunity of visiting works where the manufacture of furnaces 
is carried out.” 

It is the subsequent behaviour and condition of furnaces, and the best method of avoiding further 
troubles, which causes the Surveyor concern. In so far as the various types of furnaces are affected, 
little fault can be found with any of them, as is evidenced by the very small number of failures which 
are encountered in the course of surveying duties. Regarding oil or coal fired, natural or forced draught, 
provided that proper care is exercised in each case, it appears that the corrugated furnace, as we know it 
to-day, behaves equally well under any of these conditions. 

The most frequent defect with corrugated furnaces is that of distortion, and is dealt with by jacking 
back into position ; this is often done without fitting of blocks under the furnace in way of the jacks, 
and I think this method should by greatly deprecated, although it is difficult to impress this on the 
repairer, who often prefers, when not checked, to locally heat the plate in way of the deformation where 
the plate does not go back easily. In cases of furnaces badly distorted, it is suggested as good practice 
to remove the rivets at the mouth of the furnace on the top half, the rivet holes afterwards to be rimered 
out and recountersunk, it having been found in cases that the rivet holes are far from fair after the 
furnace has been set back into its original position. In writing this I have in mind the case of a 
corrugated furnace which had been set up on successive voyages, but always came down again ; finally it 
was decided to remove the rivets at the mouth of the furnace when the furnace was being set up, the 
holes were faired and recountersunk before being reriveted, after which the Chief Engineer reported no 
further trouble had been experienced with this particular furnace. The trouble with a repair of this 
description is in persuading of the owner’s representatives of the advisability of going to what they 
consider unnecessary expense. 

Wastage along the line of fire bars is frequently dealt with by building up by welding, invariably by 
the electric welding process. When one considers that the material used in the manufacture of furnaces 
has to be of a high standard, and after being worked into shape and finally welded, is carefully 
annealed, a repair of this description, on an extensive scale, does not seem consistent with the care taken 
in manufacture. 

When fitting a new furnace to an old boiler it has been occasionally found to be a slack fit in the 
opening of the end plate, and the author’s opinion as to the best manner of dealing with cases of this 
description would be welcome. The boilermaker’s method of overcoming the difficulty, if allowed to 
do so, is to locally heat the furnace at the mouth and hammer it as best he can to a fit, without giving a 
thought or care to the fact that the furnace had been carefully annealed before being handed over to his 
tender mercies. 

One more point I would like to raise is that of fitting stiffening rings in cases of corrugated 
furnaces which have been set back into position after bad deformation. If a furnace is too weak to 
retain its proper shape without the extra aid of rings which in turn rely on studs or stays screwed into a 
thin plate, then is it not time for the furnace to be renewed, or the working pressure of the boiler 
reduced? As a temporary measure this form of repair may have its advantages. 


Mr. W. Kiser. 


The returns of Lloyd’s Register are, in my opinion, the best answer to the old question of steam 
versus motorships. 

The author gives us a detailed account of the testing and inspection furnaces undergo but tells us 
nothing of the results obtained. I should be obliged if Mr. Roberts would furnish the percentage of 
rejected furnaces and the chief causes or defects leading to their rejection. It’s a wise Surveyor that 
knows the scrap heaps in his districts! ! 

Upon one occasion only have I met with a fault in a furnace that could with any degree of certainty 
be brought home to the manufacturer, and that consisted of a decided lamination which opened up after 
many years of service. 

I should also like to ask the author for his views upon the fitting of new furnaces to old boilers, 
which, when recommended, is so often met with a dubious shake of the head and a reference to new 
Wine in old bottles. 
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The fitting of new furnaces to old boilers undoubtedly creates new leaks and/or starts old ones in 
many instances, but more frequently than not the defects are the result of poor workmanship brought 
about by the inaccessability of the seams and the fact that the new furnaces are ordered before the old 
ones are remoyed and don’t always prove the best of fits. 

One case in point was brought to my notice very early in my career as a Surveyor to Lloyd’s Register, 
where a vessel had had all her furnaces renewed abroad, the new furnaces being too slack a fit in the end 
plates. I remember the Superintendent suggested that a bag or two of bran should be introduced into 
the water space as a means of stopping the cascades, but the Chief Engineer, then under notice, gave his 
opinion that as you couldn’t keep Scotchmen in Scotland with porridge, it was hopeless to expect it to 
keep steam in a boiler. A repair was made by welding in rings between the furnaces and end plates in 
the water spaces. 

In conclusion, I should like to thank M. Roberts for his very useful and interesting paper, for 
although I do not share his doubts as to the future of the motorship, I feel confident of lots more exercise 
in the interior of our old and trusty friend the Scotch Boiler. 


REPLY BY THE AUTHOR. 


I am pleased that so many of my former colleagues have found the subject matter of this paper 
sufficiently interesting to arouse so much debate. That divergent views are held on what is undoubtedly 
local practice certainly adds interest, and I will endeavour to reply briefly to the points raised. 

Volumes have been written on the relative merits of acid steel and basic steel, to which Mr. Dorey 
refers, and whilst the quality of basic steel to-day is much superior to that produced a number of years 
ago, it has been found by some makers of experience that it is not so reliable as acid steel, and sometimes 
fails without apparent reason. One fact stands out with regard to acid steel, namely, it is usually specified. 
With regard to the welding I don’t think there is much in it. Respecting the amount removed from the 
slab, this does not refer to the ingot, the amount removed from the ingot is generally known in the trade 
as discard. Vertical rolls for corrugating give more trouble as regards scale than horizontal rolls ; also 
there are other troubles connected with them, so much that one of our leading furnace makers deemed it 
unwise to adopt them. No information could be obtained regarding the experiments carried out on the 
two types of corrugated furnaces mentioned owing to the data in connection with same having been 
misplaced. There is very little difference between steel of 26 tons tensile and 30 tons tensile so far as 
welding is concerned, the difficulty of welding increases rapidly with steel above 30 tons tensile. The 
amount of lap for welding mentioned by Mr. Pringle is, I believe, correct. Furnaces have been known 
to fail at the weld in oil fired boilers when the weld had been made by rolling, but I have been unable to 
trace any failing at the weld that had been made by hammering. One well known firm abandoned the 
roller welding because it proved unsatisfactory. 

Suspension bulb furnaces have been found perfectly satisfactory in practice, and it is difficult to 
explain why they are not more universally adopted. One reason may be that only one firm makes them, 
still large numbers are supplied to the continent and abroad. It is just as difficult to explain why Fox’s 
corrugated furnaces are almost universally adopted in land boilers in preference to Morison or other 
sections. The tests were carried out on new furnaces; no similar tests have been carried out on old 
furnaces. No doubt valuable information could be obtained if some one would take the trouble to do it. 
Perhaps it could be arranged. Anyway, I will bear it in mind and see what can be done. 

It is not the custom, I believe, to prepare the plate edges specially for welding, although I am 
informed some makers do it ; this point is mentioned in Mr. Pringle’s criticism. 

Mr. Brown is thanked for his remarks. 

I appreciate Mr. Pringle’s contribution to the discussion as it contains invaluable information. We 
appear to be each putting forward practices of different centres, which, although they differ, bring 
about the same result. With regard to the welding and corrugating plant described by me as being 
obsolete, I can only humbly point out that it is still used by a firm of repute who claim to have turned 
out about 100,000 furnaces, number of rejections negligible. With his remarks respecting horizontal and 
vertical methods of welding I am in accord, but I cannot agree that vertical rolling gives a cleaner 
furnace, as I have definite information that it is otherwise. For furnaces which are going to be oil-fired 
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I am of opinion the hammer weld should be adopted. The methods used in flanging a Stephen Gourlay 
end described by him is now, I believe, more or less generally adopted. 

With vertical welding, mentioned by Mr. Sutherst, the weld is commenced at the top and continued 
to the bottom without reversing the barrel. With regard to the variation in diameter between the ends 
and the middle of the furnace my experience is that it is almost negligible. 

With regard to Mr. Davis’ remarks it was observed at the works that many firms order their furnaces 
to be made fin. up. I have made many enquiries regarding the result of this step and have never been 
able to obtain any satisfactory answer, but I have tried it with old furnaces 1} down and have obtained 
good results by setting one furnace } in. up and the other two fair; the furnace that was set up } in. was 
gauged and found not to have moved, the other two had come down again # of an inch. 

Mr. Smith raises the question of distortion and I may say that when a furnace is distorted about 
three inches there is always the risk of cracking it during the process of setting up; if it is of any age 
I am of opinion that it would be better to renew it. In setting up a furnace the whole of the rivets 
connecting it to the front end plate should be cut out, the bottom of the furnace should be prepared so 
that the strain placed upon it will be distributed over as large a surface as possible, the block used to set 
back the furnace should be of the same section, and the pressure applied little at a time, and if heat is 
required it should be applied to the water side. Wastage along the line of fire bars has been, and is still 
being, successfully treated by filling in, invariably by the electric welding process. Furnaces should not 
be allowed to go so far as to be dealt with on an extensive scale, as trouble is sure to result. New 
furnaces found to be a slack fit in the opening are generally treated in the manner described, and, 
if carefully done, should give no trouble. Stiffening rings in cases of corrugated furnaces, as a temporary 
measure only, have their advantages, as they often enable a ship to carry on until a convenient opportunity 
is found for renewing them. 

Undoubtedly, as Mr. Kimber states, the motorship has gone ahead, but I think you will find it has 
reached its peak. Owners are finding out what they are costing to run, and as things are to-day I am 
still in doubt about the future unless some new simple engine comes on the market. 

Respecting the percentage of rejected furnaces I am informed that their number is negligible. 
With regard to fitting new furnaces to old boilers I am of opinion that if properly fitted no trouble will 
be experienced. The new furnace should be made to template and be a perfect fit, not made to fit by the 
blow lamp or acetylene burner, if so, nothing but trouble will result, as I have experienced. 

The flanging of the front end plate should be inwards in my opinion for in this way we get a better 
fitting job at the front end and two caulking edges. The jobs that have end plates flanged outwards give 
one caulking edge, and in this case the rivets in the furnace fronts are a continual source of trouble owing 
to the fact that it is difficult to close the joint at the back of the rivets. Boilers under construction 
and new furnaces being fitted to old boilers should be carefully watched in this respect, and both the 
furnaces and mouth should be machined. 
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TIMBERS: THEIR CHARACTERISTICS, PREPARATION AND 
USE IN SHIPS, YACHTS AND BOATS, 


By E. W. BLOCKSIDGE, 


INTRODUCTION. 


It is of interest to note that the “ Foreign Shipwrights’ Company” (now extinct) was founded 
by King James I. on the 22nd April, 1605, with the principal object of maintaining a high standard of 
quality of timber used in the building of ships, boats and pinnaces of the navy and for the merchant service. 

The suitability and preservation of timber was a subject of considerable importance to the British 
Admiralty during the period of the building of wooden warships, and in later years Lloyd’s Register of 
Shipping has been regarded as the most eminent authority on the use of wood in the construction of all 
classes of ships and yachts for service at home and abroad. 

Timber is essential to industrial progress and its supply is becoming of increasing importance to this 
and every other country. The timber forests of Great Britain have been a source of national prosperity 
in the past, for it was due largely to the home timber supplies that our ships obtained a supremacy on 
the trade routes of the seas. The conditions have now changed. Owing to our geographical position, 
which facilitates the importation of timber, we have neglected our own forests as a source of supply and 
are dependent on foreign production to satisfy our needs. 

When we consider that the total area of woodlands in Great Britain is only a fraction over 2,000,000 
acres with 15,000,000 acres of waste land existing. and that we import annually over 10,000,000 tons of 
timber which costs approximately £45,000,000, the necessity for some direct action towards re-afforestation 
seems essential and almost imperative. 

The great war was responsible for the “discovery” that economic forestry was one of the neglected 
home industries. Since the Forestry Act of 1919, Great Britain has taken a more definite interest in the 
subject and the work of the Commissioners detailed in their annual reports makes interesting reading, but 
the position of this country in regard to adequate supplies of timber in the future is a matter of some 
concern. 

In those countries where industrial development has been greatest, consumption has increased while 
resources are being exhausted at an unprecedented rate, ¢.g., the yearly drain on Canadian forests is about 
4,000,000,000 cubic feet and yet only 900,000,000 cubic feet go into industrial consumption the 
remainder and much larger proportion being lost as a result of fire and other destructive agencies. At this 
alarming rate Canada’s supply of soft woods would only last 25 years. 

Professor Fraser Story in a recent paper before the Forestry Sub-Section foretold a serious shortage 
in the world’s timber supply and added that Great Britain would be one of the first countries to suffer. 

Already a number of European countries are limiting their output. Strict laws govern the manage- 
ment of Swedish forests for cutting and compulsory re-afforestation. Owing to this oversight and the 
natural advantages of the country, the supply is at present equal to the demand. 

In view of the importance of the subject and the necessity of obtaining some intimate knowledge 
of imported woods and the available sources of supply, this paper is offered for circulation and discussion 
among the members of the Staff Association. It is hoped that many of our colleagues stationed at the 
outlying ports of distant countries, but with the advantage of being near the timber growing districts, 
will give the staff the benefit of their personal knowledge by contributing to the discussion, 
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Particulars of timbers with which many of the staff will be familiar are given in the paper, but 
some details are also inserted of other woods which have not yet been introduced to the British market 
in commercial quantities, but are considered of value for the purpose of ship and boat building. An 
endeavour had faa made to describe the various characteristics of timbers in a simple and practical 
manner without encroaching on the ground already covered so efficiently last session by Mr. Shaw in his 
paper on the Survey of Wood Ships, but reference to the botanical names of the various species of timber 
is unavoidable for identification purposes. 

It is anticipated that some discussion will centre on that section of the paper dealing with the 
mechanical properties of woods, as to the necessity for, or the value of, laboratory tests on timbers used 
for constructional purposes, but the author prefers to refrain from expressing his own opinion until a 
reply is given to the discussion. 

Reference was made in the discussion on Mr. Shaw’s paper to the length of service of wooden 
sailing ships, and attention was drawn to the “ Bee,” of Cowes, 27 tons gross tonnage, owned by Messrs. 
Shepard Bros., Ld., of Newport, Isle of Wight. This small craft was built in 1801, at Cowes, and was 
in service for 126 years. Only this year was this record concluded, when she was filled with concrete and 
used as a breakwater, thus to continue another period of usefulness under the water instead of above. 
The owners have been good enough to supply the writer with a midship section. A large portion of the 
structure is original material, and the disposition of the timber is considered ideal, particulars of which 
are shown in Fig. 19. 


STRUCTURE AND GROWTH. 


The principal parts of a tree are the roots, the trunk, and the leaves or foliage. The roots enable 
the tree to stand up to the influence of the weather and together with their attached hair-roots perform 
the function of extracting moisture and a small proportion of mineral matter from the soil, which are 
transferred through the trunk to the leaves. 

The familiar features of the cross section of a tree are, the bark the outside covering or enclosure, 
the cambium a delicate layer immediately under the bark, the sap-wood, then the heartwood, and at its 
centre the pith. (Sve Fig. 1). 

The tree appears to be bound together in its structure by a number of layers or annual rings which 
vary in thickness. Each of these layers is made up of two distinct portions, the lighter and larger, in the 
case of pine trees, being the spring and summer grown wood, and the darker the autumn wood, the latter 
being harder than the former. Their position is reversed in the case of some hardwoods such as the oak. 

The annual rings become closer to each other as the tree grows in girth and the distance apart 
indicates whether the wood is hard or soft. 

All timber converted from trees which are cone bearing and have spikes instead of leaves is of the 
soft wood class, being wide ringed and quick in growth. The slower growing trees which bear leaves 
produce hard wood. Some of the so-called hard woods are found to be softer than the generally accepted 
soft-woods. It is essential, therefore, in framing specifications to refer to the particular specie of timber. 
We are able to approximate to the age of a tree by the number of annual rings in the section, 

The regulations relating to deck cargoes are made adaptable to soft and hard woods, but can only be 
applied to the actual density of the timber and not to the botanical difference in growth. 

Radiating from the pith at right angles to the longitudinal cells are very hard and thin cells called 
medullary rays (see Fig. 1) which serve to connect the various annual rings and keep open a passage for 
the conveyance of life to the centre portion of the tree, and which relieves, to some extent, the constant 
pressure from the contraction of the layers. 

Where trees are grown in the tropics and there is very little change in the seasons, the annual rings 
are not so distinct in certain species, ¢.g. greenheart and balsa wood. 

In the spring when vegetable life becomes active the roots of the tree draw moisture from the ground 
which flows upward through the sap by the osmotic action of the rectangular shaped cells, i.e. they 
possess the power to diffuse the moisture from one to the other even though each possesses a lining or 
wall covering. The moisture moves in continual circulation upwards through the branches to the leaves, 
This process forms what is termed the spring wood which is then composed of loosely packed cells forming 
the lighter and softer portion of the annual ring. In the summer the leaves extract nourishment from 
the air, viz., carbon, and transmit it through the outer portion of the sapwood forming the harder and 
darker portion of the ring. (See Fig. 5.) Some portion of this layer goes to increase the thickness of 
the bark but the greater portion forms a new layer of the harder sapwood, In the winter the creative 


power of the cambium or layer under the bark is dormant. The girth of the tree has naturally increased 
during the spring and summer, and the bark, in consequence, is under stress and compresses the outer 
ring of late summer wood. Eventually the bark cracks and produces its uneven appearance, but this 
action allows a repetition of growth to proceed the following spring. 

Thus the continual process of yearly growth hardens and solidifies the cell structure and produces 
the valuable heartwood. The strength of timber depends on the thickness of the walls of the cells and 
not on the width of their cavities, the autumn wood having cells with thick walls and thin cavities, 
while the spring wood possesses thin walls and larger cavities. It is essential, therefore, when selecting 
timber to compare the amount of early and late forming wood in the annual rings. 

To understand the properties of timber it is essential to become acquainted with the natural 
characteristics of trees during their growth, the behaviour of the various species of wood during the 
process of felling, and the methods of seasoning and preparation for use in the construction of ships, 
yachts and other craft. 

As an introduction to the subject a brief explanation of the various terms used may be an 
advantage. 

Exogenous trees are those whose trunks are built up by consecutive layers of annual rings, the 
softest portion being at the circumference and the hardest near or towards the centre or pith. 

Endogenous trees are those which increase from within so that the hardest portion is at the circum- 
ference ; there is usually an absence of bark, and in some quick-growing species, such as the bamboo, the 
interior is hollow. 

Deciduous trees are those which have broad leaves and change their foliage every year. 

Coniferous trees embrace the conifers, which are needle-leaved, and do not change their foliage 
every year. 

Hardwoods and Softwoods, the former are understood to be those of the broad-leaf trees and the 
latter of the needle-leaved trees or conifers. The distinction is not a correct one because some hardwoods, 
such as sycamore, poplar, and some species of the gum trees, are softer than certain of the pines, but 
the use of the terms has become universal in the timber trade so that they cannot now be avoided. 

Wood, timber and lumber to the uninitiated may mean the same, but there is a hig difference 
recognised in the trade. All woody tissue, including roots and branches, is wood, but there is much on a 
tree that is unsuitable for constructive purposes. Wood, therefore, that is suitable for conversion is 
called timber, and wood that has been converted into boards, planks, beams, and sawn pieces, is called in 
the American and Canadian markets, /wmber. 

Planks and boards are usually cut parallel to the diameter of the log, 7.¢., tangentially (see Fig. 2), 
and are referred to as “ bastard,” “ flat,” or ‘* slash-sawn,” 

Planks cut on the quarter (see Figs. 8 and 4) are less likely to warp than those sawn radially from 
the log, they are stronger and season more rapidly and effectively. Moreover, this system of conversion 
produces in some woods, such as the oak and mahogany, the well-known silver and ribbon grain, so 
valuable for decorative work. Deck planking should be laid with the grain as shown in Fig. 7 and not 
as represented in Fig. 6, so as to prevent the surface from ‘' flaking.” The system of quartering is, 
obviously, more expensive than the flat, and there is more waste, particularly so with the method 
illustrated in Fig. 3. Boards cut from logs that have not been “squared” show an uneven appearance 
on the outside surface. This uneven appearance is called “wave,” and when the uneyen strips are 
removed they are cut to standard width and referred to as “edging.” The portions of the log removed 
when being squared are known as “slabs,” and sometimes worked into laths. 


DECAY AND INSECT ATTACK. 


Considerable progress has been made during recent years in investigating the causes which produce 
decay in wood. Information is available permitting the identification of the various fungi which attack 
wood, making it now possible to diagnose the particular type of decay with reasonable accuracy. 

The development of decay may be divided into two stages although it is obvious there is no dividing 
line between the two as the process is continuous. 

The early or “incipient” stage is very difficult to observe. In some cases the tissues of the wood 
may be alive with the invading forces of mycelium of the attacking fungus and yet there may not be 
any discolouration visable to the naked eye. In most woods there is usually a distinct change of colour 
in the appearance of the wood, 
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The final or “ typical” stage is that when decay is plainly to be seen breaking down the cell structure 
of the wood, altering its texture and seriously affecting its strength. 

All wood is subject to decay, whatever the specie may be, when it is attacked by the right organism 
under favourable conditions. 

When timber is felled the spring wood of the annual ring offers less resistance to decay than the late 
summer wood, due to its greater porosity, and results in some cases in a type of decay called ring-scale or 
ring-rot. 

Decays are usually classified under two main divisions, viz., white and brown rots, the former are 
usually caused by lignin-dissolving fungi and the latter by cellulose-dissolving fungi. These two rots 
are further sub-divided into two divisions under heart-rots and sap-rots. These divisions provide the basis 
for further detailed investigation into the type of attacking fungi which are numbered by the hundred. 
No useful purpose will be served in this paper by making further reference to these investigations. 

A striking difference between the white and brown rots is that incipient decay is not visible in the 
latter but is sometimes discernable in the former. 

Tt must be remembered that during the process of seasoning most of the sap has been removed but 
the sapwood still remains and will naturally decay before the heartwood, hence the necessity to limit the 
amount of sapwood in selecting timber. 

When decay attacks a tree before it is felled the pith is the first portion to be affected and gradually 
works its way out to the circumference, but when the tree is converted into timber or lumber the sapwood 
is the first to be affected. 

With the exception of the conifers, such as larch, which can be felled during any period of the year 
without harm, most trees are more susceptible to decay if felled during the summer months, and all trees 
are more liable to attack after being felled, when life is stopped, than when left standing. 

Dry rot was first applied as a term for decay in timber about the year 1810, and was subsequently 
used to mean the decomposition either caused, or associated with, the presence of fungus. The terms dry 
and wet rot appeared to cover the whole of the shipbuilders knowledge of the subject of decay in the 
early years of building. Much has been written on timber diseases, and various theories as to the causes 
of dry rot have been advanced. Reference was made to the opinions of investigators, in a paper by 
Mr. Shaw on the Survey of Wooden Ships last session, and it is, therefore, not proposed in this paper to 
extend the treatment of a subject which is, in itself, sufficient to fill a separate paper. 

When a surveyor is looking for evidence of wet -rot, he naturally investigates the positions in a 
wooden vessel which are subject to alternating wet and dry atmospheres, such as between the light and 
load waterlines. If the caulking of planking or the treenails are defective, the inside of the outside 
planking, the lodging knees, and the timber frames, are more or less affected with wet rot. 

The effect of dry rot is more devastating, and not so easily discovered, it being remembered that 
decay is not induced by the action of either air or water alone, both must be present. ‘The congenial 
situation for the propagation of the mycelium of the dry rot is a warm, still, and humid atmosphere, and 
yet the evidence is often unnoticed on the surface of timber where the trouble is least expected. 

Trees before being felled are exposed to the attacks of wood boring insects and other parasites, and 
more particularly with those trees which grow in tropical districts. ‘Timber is also attacked after it is 
converted and worked into the structure of a ship or boat. 

The white ant called 7'ermites, which is only one quarter of an inch in length, is most destructive. It 
feeds upon the wood and eventually destroys the interior of the softer timbers. Such harder species as 
teak, jarrah, and greenheart, offer resistance to the attack, owing to their acrid taste and oily nature. 

The Death Watch beetle is well known in this country. It is supposed to derive its name from the 
sound which is made by the male calling to the female and which resembles the ticking of a clock, and to 
superstitious people was considered a warning of the approach of death. This insect is also only about one 
quarter of an inch in length, and its power of destruction is so well known as to render it unnecessary to 
give much detail except to say that the extent of the damage caused by these insects was seen in the 
condition of the roof of Westminster Hall before restoration, which occupied the attention of the 
Government Department effecting repairs some ten years before a remedy was found. 

Only in September of this year was it discovered that portions of the oak beams of the Treasury 
Building in Whitehall were in considerable danger. The building dates back over three centuries. When 
the old flooring was being taken up by workmen of the Office of Works, large portions of the beams came 
away with the nails, and they were found to be riddled with the holes of the “death watch beetle,” 
Steel girders will take the place of the wooden beams, 
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The Teredo Navalis is a sea-worm varying from 4 ins. to as much as 12 ins. in length,! which 
burrows its way into the bottom of wood ships and coats the holes with a shelly substance like lime. 
They enter from the outside and bore across the grain and then with the grain. A peculiar feature of 
its progress is that these worms very rarely break into one another’s shells. 

Those trees which have a bitter or acrid taste are immune from attack, such as larch, cypress, box- 
wood, ebony, stinkwood, etc. The application of oil of turpentine and brimstone was considered in the 
early days of wood shipbuilding to be an effective means for preventing or retarding the attack of worms 
on ships planking or sheathing. 

Marine borers are practically confined to salt water, they burrow for shelter and do not, according to 
expert authority, live on the wood substance. They can live in very cold water but are more destructive 
in tropical waters. 

There are several other types of ship worms beside the Teredo, the most important being the 
Limnoria,a specie of the crustacean borer, about one quarter of an inch in length, which bores along 
the surface of the timber for shelter and food. The movement of the sea water destroys the affected 
surface and exposes it to further attack. 

It was a common practice when vessels were docked to fill the cavities made by borers with cement. 


SEASONING. 


The NaruraL Murxop or Seasonrne was for many years considered to be the most effective for 
drying and prolonging the life of timber and bringing it to a suitable condition for working into the 
hull of a ship. The necessity for this preliminary process is to remove the sap and moisture content from 
the cells without reducing the strength of their envelope or wall covering. 

Moisture is contained in the cell walls of a tree and is present as free water in their cavities. When 
the tree or timber contains sufficient moisture to saturate the cell walls a condition is reached which is 
called the fibre saturation point. This point in the majority of woods corresponds with a moisture 
content of 25 to 30 per cent. of the air-dry weight of the particular specie of timber. 

Timber 1s kept long enough in the open air until its moisture content is brought into the same 
condition as the surrounding atmosphere. The wood is then said to be air-dried. The rate of seasoning 
depends on the specie of wood, the locality, and the methods adopted for piling or stacking, but a rough 
guide for obtaining the time necessary for natural seasoning of stacked timber is one year for every inch 
in the thickness of the planks. 

Professor Record, of Yale University, says that “wood is considered dry when it ceases to lose weight 
in a constant temperature of 100° C., but it then contains 2 to 3 per cent. of moisture, and if exposed to 
a higher temperature will continue to give up water. All that is necessary to keep the most perishable 
wood from decay is to keep it dry. Wood containing not more than 10 per cent. of moisture will not 
decay.” 

When wood is thoroughly air-dried it contains from 8 to 16 per cent. of moisture within the cell 
walls, and even when subjected to the modern methods of heat application there still remains a small 
percentage of moisture, but is considered for all practical purposes as being ‘* bone dry.” 

Oak and Ash should be kept some time in the log as timber before being converted, and when cut 
into planks it is necessary for them to be stacked away from the extremes of the atmosphere as both 
species of wood are inclined to open out at their ends. 

Beech is converted into lumber within a short time of felling owing to its natural tendency to decay 
at the sap-wood. 

As is generally known both English and Wych Elm require careful treatment during seasoning 
before convertion to prevent their natural habit of warping when cut into planks. 


WaTER-SEASONING.—It was a common practice, particularly in British Naval Yards, to totally immerse 
logs in specially prepared fresh or salt water ponds, for the purpose of disolving the sap or correcting the 
action of internal and injurious juices. It was claimed that timber thus treated would eventually dry 
much quicker than when stacked in the usual manner immediately after felling. 

The durability of timber is increased when placed in fresh water and preferably in running water 
with the butt end facing the current. The period of immersion depends on the density of the particular 
wood and whether it is in logs or has been partially converted. A rough guide is 6 months for every 
inch in thickness. 
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ACCELERATED SHASONING.—The increased demand for timber makes it necessary to adopt other 
methods than the slow process employed in the days of wood-shipbuilding. 

When the principle of artificial seasoning was first adopted considerable difficulty was experienced, 
as the application of heat case-hardened the timber and it cracked and warped. Modern scientific 
methods have overcome all these early drawbacks and the bulk of wood used is now subjected to 
mechanical methods of seasoning. 

Timber used in the construction of air-craft is dried artificially, which is in itself a recommendation 
for its adoption in other structures where strength is of primary consideration. 

The old practice of using dry air is gradually being discarded and timber is now being subjected to 
treatment by moist heat without injury in the process. Electricity is also used as a means of withdrawing 
moisture and producing a chemical change in the sapwood as to render it immune from decay. 

The advance which has been made in modern methods is to be seen by the results from the plant 
laid down in the National Physical Laboratory at Teddington, where a system of drying kilns with 
forced circulation of humid air is in operation and it is claimed that timber can now be seasoned in 
seventy hours, whereby under the old conditions of open-air drying the process would have occupied 
anything up to two years. 

Which is the better, natural or artificial seasoning ? This is a question which must be considered 
from two points of view, viz., the commercial and the technical, and without entering into a full 
discussion, it may be said that with the experience gained since the year 1914 it appears that better 
results are obtained from artificially seasoned timber than is possible with that which is seasoned 
naturally. This statement is based on the opinion of experts, including that of Mr. Alexander Howard 
in his recent book on the subject. 


THE PRESERVATION OF TIMBER. 


The various methods in operation for preserving wood have been adopted for the purpose of giving 
complete protection from the attacks of insects, worms or fungoid growths, and reducing to a minimum 
the tendency to rot when timber is placed in an environment favourable for the development of disease. 


The methods adopted for impregnating or inoculating timber depend on the characteristics of the 
particular specie to be treated and the conditions to which it will be subjected during use. It is of 
the greatest importance that timber should be properly seasoned and thoroughly dried before being sub- 
mitted to the treatment of impregnation, in order that it may absorb the greatest amount of preservative 
and that no portion of the tissue is left in a condition of sufficient moisture likely to produce deterioration. 
It is useless and dangerous to attempt to cover the outside surface with paint or inject internally a 
medium unless the timber has passed through the required period of natural or mechanical treatment for 
seasoning. Effective protection can only be given when these means are used to prepare the wood for the 
suitable condition when impregnation can be made. 


Sir Samuel Boulton has given some interesting results of his investigations into the causes of decay 
in timber, and in a paper delivered before the Members of the Institute of Civil Engineers some years 
ago, on the subject of the antiseptic treatment of timber, stated that “all influences which either destroy 
or exclude germs will prevent decay so long as those influences endure, but that permanent effects must 
not be relied upon from agents which are not themselves permanent and abiding.” This statement has 
proved correct in actual experience and practice after the application of modern methods of treatment 
for the preservation of timber. 

Reference is made frequently in ancient writings to the use of various substances for the 
preservation of wood. We have it recorded in Old Testament history that the ark was coated within 
and without with pitch, and in later days use has been made of mineral deposits or metallic salts, oils 
extracted from the cedar, larch, juniper, and olive trees, for saturating timber exposed to damp 
situations and the attack of insects. 

From the earliest period of our naval history, the subject of preserving the life of wooden ships, 
has been one which demanded the close attention of the best architects and builders of the day, 
particularly during the period between the years 1800 and 1830. 

It was a common practice, before the introduction of metallic sheathing on ships of the Royal 
Navy, to soak the planks situated between the light and load draughts with vegetable oil, as a 
preservative against injury from the effect of being subjected to alternating wet and dry influences, and 
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also to the ravages of marine worms. The frames or timbers were also soaked in lime, but subsequent 
experiments proved that the wood was rendered ineffective by fibre distortion. A system of carbonizing 
was also tried, but with unsatisfactory results, as the application reduced the strength of the hull, and 
introduced a tendency for internal decay if the wood had not been previously thoroughly seasoned. 
There was also present an attractive power which charcoal has for water. 


In 1838, Mr. John Bethell introduced a patent process of extracting heavy oil of tar, which was 
subsequently called creosote, although, strictly speaking, the true creosote is a product of the distillation 
of wood, and has never been used for preserving timber. One of the important products obtained from 
coal tar is carbolic acid, which, in itself, is an excellent antiseptic, and, as generally known, is used 
extensively for surgical purposes, but it soon evaporates and is easily washed out of the wood it is 
intended to preserve. It is, therefore, extracted during the process of distillation, and used for the more 
important purpose as a sanitary antiseptic. , 

Experience in this country, in India, and the result of experiments carried out by the French, 
Dutch, and Italian Governments, proved that metallic salts were not so lasting as the tar oils, and also 
tended to corrode the metal fastenings. 


Practically all the modern processes are now confined to the products of the heavy oils from coal tar 
for use in preserving timber from the ravages of insects. 

Whatever treatment is adopted, it must be effective for a long period, and substances which 
volatilize freely in air or dissolve in water must be avoided. The best preservatives are, therefore, those 
which fill up and solidify the pores or cells of the wood, which do not evaporate at a high temperature, 
and do not dissolve in fresh or salt water. 

The oily or bituminous fluids, when impregnated into timber under pressure, have already proved 
their value. Creosote is the most common and useful preservative used in this country and the United 
States of America, because of the facilities provided for its cheap manufacture. ‘The British material is 
considered to be the best in the world owing to the high quality of the coal used, and the London creosote 
prepared from Newcastle coal, is judged to be of the greatest value for timber preserving. 


The method of impregnating by the pressure system, is more effective than the ordinary steeping 
process, the quantity of creosote used varying from 10 to 12 pounds per cubic foot. The timber is 
thoroughly dried before treatment, and then immersed in the preservative and subjected to pressure 
from a specially designed power driven pump. 
The following are some of the best known methods of impregnating timber now in operation. 
“* Plexosote”” and ‘* The Lowry Process” are both used by Messrs. Burt, Boulton & Hayward, of London 
Wall. The “Cobra” process is a German invention recently introduced into this country. “ Powellizing” 
is a system which has been used in this country and used extensively in the Colonies, The principle 
of application consists of supplying the timber with a concentrated form of carbohydrate or saccharine 
solution which strengthens the walls of the cells. Pressure or the use of a vacuum is not necessary, 
There are very many preservatives now on the market which are intended to be applied on the 
| timber with a brush, the cost of materials preventing them being used commercially for the purpose of 
impregnating under pressure. ‘The following are only a few selected from the many, viz. ; “Carbolineum,” 
which is applied at a temperature of about 180°. ‘‘Sylvadure,’ which has been used by the British 

| Admiralty, and there is “Solignum,” the most widely used preservative for brush application, and, 
probably, the best known to the readers of this paper. 


INSPECTION OF TIMBER. 


The grading and survey of timber must, of necessity, be subjected to a visual inspection, owing to 
the lack of uniformity in the various species. Every baulk, log or plank must be examined for defects. 
As will be seen from the section of this paper dealing with strength, the mechanical properties of wood 
which is free from defects vary in proportion to its dry weight. It is, therefore, impracticable to inspect 
or test timber as we do in the case of uniform mechanical products, such as steel or cement. With 
timber we are confined to an inspection of its physical characteristics and defects. 

No arbitrary rules can be laid down for the survey of timber, and for this reason alone it is essential 
that an inspector should possess the advantage of a good experience and be qualified with a large amount 

of practical common sense. 
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In selecting timber, the first action usually taken is to inspect the butt end of the log, which should 
be close, solid and sound. The top end is then examined to see if it corresponds with the butt end. 
Differences in sound will indicate the presence and position of good and unsound timber. Perfect wood 
gives a solid and sharp ringing sound when struck with a hammer, while decayed portions produce a dull 
sound, and the presence of internal shakes will give the impression of the material being hollow. 

Texture may be ascertained by the hardness, elasticity and brashness of the specimen. Hardnes’ 
may be tested by inserting the point of a “pricker.” Prying up slivers of the wood with a knife 
furnishes, from its splintered appearance, a fair indication to an inspector of the quality of elasticity. 
The manner in which the fibres tear out from a saw cut gives an indication whether decay is present. 
Brashness is the tendency to break without a splintering fracture, and is a sure sign of decay. 


Colour.—Discolouration of wood usually denotes the presence of decay, sometimes it may be the 
result of chemical changes during growth, which may not be detrimental to the strength of the timber. 
The surfaces of trees may be discoloured through the attack of birds, but to the eye of an inspector 
there is not much doubt when the timber is discoloured with a pink or light red hue that there is decay. 
This condition is called forey, and is generally caused by the tree growing on poor soil. Oak is subjected 
to this disease. Timber should be bright in colour and smooth when planed. 

Smell is also a means of identification of decay, and some old shipwrights of the writer’s early 
acquaintance contended they were also able to diagnose the quality of certain woods by their taste. 

Doaty timber is that which is stained with yellow and black spots, a common defect with beech. 

euay timber is that which is heart-shaken, and caused, usually, by the trees growing on loose 
sandy soil. 

The following are some of the defects which are considered when drawing up a specification as to 
the quality of timber, viz. :— 

Sapwood.—The question of the amount of sapwood which can be accepted when inspecting timber 
is a difficult one. It depends largely upon the specie of timber. It is misleading for any specification 
of soft woods to contain a requirement that the timber shall be free from sapwood. American Lumber 
Societies usually define the amount which can be accepted. Bright, sapwood should not always be 
considered a serious defect. The distinction of colour between heartwood and sapwood is clearly defined 
in some woods, but in others it is difficult to see where the separation occurs. 

Trees which grow rapidly have, in consequence, a greater thickness of sapwood than others of less 
rapid growth. 

Knols.—The most serious defects which decrease the breaking strength of timber used for struts or 
beams, or where the fibres of the material will be subjected to a high stress, are knots and cross-grain. 
Sound knots do not seriously affect the stiffness or elastic strength of timber or where it is subjected to 
compression parallel to the grain. 

Knots are usually classified according to their size, viz. : pin knots (4 inch diameter), standard knots 
(14 inch diameter), and large knots (over 14 inch diameter). 

A sound knot is one which is solid and hard as the surrounding wood, and so fixed by growth that 
it will retain its position, é.e., it is well ‘collared.” An encased knot is one which is surrounded by 
resin, pitch or bark. 

The effect of knots on the strength of timber depends on their position, size, number and 
condition. Practical experience is of great value when dealing with this question, and no detailed rules 
can be given with any advantage, as the inspector is generally guided by the standard specification for the 
particular specie of timber. 

In yacht and boat building it is necessary to see that knots are well “collared,” or fit doublings if 
defective knots exist in the planking. 

Pitch, Resin or Gali Pockets are openings between the grain of the wood caused by the accumulation 
of resin, &c., between the adjacent layers or growths. They are common in larch, fir, and longleaf pine. 
Their existence can only be ascertained after the timber is converted. (See Fig. 8). 

Frost Splits usually occur near the base of trees, particularly with those trees which have a thin 
bark or are grown on damp situations. They provide a ready position for the attack of disease. 

Shakes.—lf the outside of wood dries at a greater rate than the interior it is the natural sequence 
for the surface to split and result in face and end checks (see Fig. 10). With kiln drying this condition 
is accentuated and internal stresses are set up, so that when the timber is converted into lumber the 
planks warp and internal checking takes place. 


ee 


9 


Heart Shakes generally occur in timber that has been felled after maturity. The butt end of a log 
is usually first affected, and the defect may continue for some distance during seasoning. (See Fig. 9). 

Star Shakes, as the name implies, are a number of clefts radiating from the pith towards the 
circumference. (See Fig. 9). 

Cup and Ring Shakes are very serious defects affecting the mechanical properties of timber. They 
are produced as the result of the pulling apart of the annual rings, and may be caused by the effect of 
wind or the shrinkage of the heartwood. (See Fig. 8). 


Rind Galls are caused by external damage to the cambium layer of the tree, and the subsequent 
growth does not adhere to the wood previously formed, thus producing a local defect. (See Fig. 8.) 


Upsets are defects which are produced by the separation of the grain when the fibres have been 
crippled by compression. 


STRENGTH. 


{t is difficult to understand why there is such a dearth of reliable information regarding the 
strength of timber which has been used for many hundreds of years in the construction of structures 
and ships, as compared with the detailed data concerning steel, which is, comparatively speaking, of recent 
introduction. 

Considerable progress has been made in recent years to accumulate data relating to the mechanical 
properties of timber, but our own Government laboratories are restricted in their investigations owing to 
the lack of money voted for research purposes, which compares unfavourably with the practical interest 
shown by foreign countries. 'The need for further investigation is essential, and the subject is considered 
of national importance. 

There is such a wide range of variation in the same specie of timber that it becomes necessary to 
conduct a number of experiments and tests in order to obtain “average values.” In this respect there is 
a difference of 25 per cent. in some of the softwoods and as much as 50 per cent. in some of the 
hardwoods. The difference in moisture content is a feature which makes the greatest difference to the 
results in comparative tests, and variable density also exercises a considerable influence. 


The critical point in the relationship between strength and moisture content is called the “flbre- 
saturation point” (see Section on Seasoning). This is the condition when the structure or cell walls of 
the timber are saturated completely, and any additional moisture, or free water, in the cells has no effect 
on the strength. Any moisture withdrawn from the timber, so as to reduce the content below the fibre- 
saturation point, has the effect of hardening the cell walls, and thereby increasing the strength of the 
timber. It, therefore, follows that comparative tests are only of value when conducted on samples whose 
moisture content is at, or above, the fibre-saturation point, or is oven-dried, or air-dried to a definite 
percentage of moisture. In other words, the condition of the sample must be ‘‘ green” or “dry.” 

The same stresses which are considered in steel structures apply with equal importance to those built 
of wood, but the factor of safety must necessarily be larger for wood. 

J. R. Baterden says, in his book on “Timber,” published in 1908, that “factors of safety, as at 
present arrived at, are more or less in the nature of guesswork and are really an expression of ignorance 
or lack of confidence in the reliability of values of strength.” 

The lack of valuable data is now being gradually reduced to a minimum. 

The following factors of safety have been suggested by some experts on the basis of bone-dry 
material. For timber in shear and compression across the grain, F.S. 4; for columns under 15 diameters 
in height, and for end bearing, F.S. 5; for extreme fibre stress in transverse rupture, FS. 6; and in 
tension with or across the grain, F.S. 10. 

The important stresses are tensile, compressive and shearing, shown in diagrammatic form in Figs. 
18, 14 and 16. These stresses may act separately or in combination. 

Stiffness is the property by means of which a body acted upon by an external force tends to retain 
its original form. I[t is the inherent power or quality of timber to resist deformation, and its measure 
is termed the modulus of elasticity. Stiffness is directly proportional to the breadth of a beam, /.¢., a beam 
twice as broad as another is twice as stiff. 1t is proportional to the cube of the depth, #.¢., a beam twice 
as deep as another is eight times as stiff. It is inversely proportional to the cube of the span, ie, a 
beam twice as long as another is one-eighth as stiff. It is measurable only within the limit of elasticity. 
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Resilience is the amount of work exerted on the material to produce deformation, and within the 
elastic limit is the measure of the energy stored within. It represents the work the material would do 
when released from a state of stress. ‘This quality is a good guide to the toughness of the material. 

Brittleness is the opposite property to that of resilience. 

Toughness is a term which may be applied to several properties of wood. When timber is difficult to 
split or will not rupture before extensive deformation, is flexible or offers considerable resistance to 
impact, it is referred to as being tough. 

A torsion or twisting test gives the best indication of this quality. Brittle woods snap suddenly 
when under torsion test. 

Hardness is the measure of the wearing ability of the wood, its resistance to indentation or abrasion. 
This quality depends, mainly, on the density and arrangement of the fibres of the timber. 

Plasticity is the measure of permanent set in timbers. A perfect plastic material, such as lead, would 
possess no elasticity. The process of steaming wood sheathing or planking at the ends of a vessel increases 
plasticity. The opposite property to this is brittleness, i.¢., the timber refuses to undergo, when subjected 
to stress, much change from its original form without rupture. 

Cleavabilily is the term used to denote the readiness with which timber is split. Most woods with 
great stiffness usually split easily. 

Modulus of Rupture.—This is sometimes referred to as the transverse breaking strength. Is is used 
more than any other value for ascertaining the strength of wood. Owing to the “personal error” that is 
liable to enter into the readings when the fibre stress is taken at the elastic limit, it is preferable to use the 
ultimate stress for the strength of beams. (See variations in values indicated in Table). 

Mechanical, Tests.—Before tests are started the weight and moisture content of the sample are 
carefully measured. 

The following formule are used in association with the various mechanical tests :— 
maximum load in lbs., or weight of hammer. 


W, = load at elastic limit in lbs. 

/ = span in inches. 

b = width in inches. 

d = height in inches. 

A = total deflection or compression at elastic limit in inches. 

H = height of drop at elastic limit. 

V = volume of beam. 

A = area of cross section in square inches. 

EK = modulus of elasticity. 

EL = fibre stress at elastic limit (Ibs. per square inch). 

R = modulus of rupture (Ibs. per square inch). 

J = greatest calculated shear (Ibs. per square inch). 
CS = maximum crushing strength (lbs. per square inch). 
W S = elastic resilience, i.e., work to elastic limit (inch lbs. per cubic inch). 
; I. Static Bending.—The size of the test piece is usually 36 ins. x 2 ins. x 2 ins. which is supported 
i at its ends. The load is either uniformly distributed or concentrated at the centre. The rate of loading 
i and deflection are measured simultaneously, and the readings plotted on log sheets. (See Fig. 13). 
, When load is concentrated When load is uniformly 
i at the centre. distributed. | 
| ra 75 x W 75 x W | 
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II. Compression parallel to yrain.—The test piece is usually about 2 in. x 2 in. x 8 in.; it is 

placed in a static testing machine and compressed in the direction of its length. The deformation is 

noted between two fixed collars by means of a compressometer. The crushing strength is used more than 
the fibre stress at elastic limit for estimating the strength of columns. (See Fig. 15). 


W, 
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Compression perpendicular to the grain is obtained by subjecting a prepared sample of wood 
about 2 in, x 2in. x 6 in. to pressure on its side through a cast-iron plate 2 in. wide placed at the 
centre of the length of the test piece and at right angles to its length (see Fig. 14). The fibre stress at 
the elastic limit is then obtained 

W, 
EL ==> 

Hardness is ascertained by measuring the load required to embed a *444 in. steel ball to one-half 
of its diameter in the wood. Both side and end hardness or indentation is obtained. The result is 
given in lbs. 

Shearing strength parallel to the grain.—A carefully prepared test piece is made with a lip about 
2in. x 2in. projecting from the block (see Fig. 16). The shearing stress is the maximum force required 
to shear off the projection divided by the area of the plane of failure 


P 
Shear = X 


Tension tests are made at right angles and parallel to the grain. The test pieces are specially 
prepared (see Fig. 18), and subjected to an ordinary tensile stress, the maximum load is noted and 
expressed in Ibs. per square inch of sectional area. The tensile strength is about three times as great as 
the compressive strength. 


Cleavage test—The specimens are about 2 in. x 2 in. x 3} in. and shaped as Fig. 17. Hooks are 
made to fit in the notch bored out from the upper end and the machine pulls the hooks apart until the 
test piece is split. The maximum load at failure is noted and the splitting strength is calculated in Ibs, 
per square inch of width. It is usual to use two test pieces, one for radial and one for tangential failure. 


Impact test.—The test pieces are usually about 2 in. x 2 in. x 30 in. The load is applied by 
dropping the hammer of the machine on the specimen at the centre of the span from the height of one 
inch, and then by increments of one inch up to ten inches, and thereafter by increments of two inches 
until failure. The deflections and height of drop are recorded on a drum. 

The following results are obtained :— 


Fibre stress at elastic limit, ¢.¢., the measure of strength under impact loading, 


8 WH} 
BL=7xbx@ 
Modulus of elasticity, i.e., the measure of stiffness, 
Px EL 
| E= 6A xd 
| Work to elastic limit, and height of drop at failure, ¢.¢., the measure of toughness, 
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12 
Compres- 
Weight ieee sive Stress} Shearing | Tension 
per _| Parallel Stress Per- Refer- 
TIMBER. Cubic | Fibr to the Parallel |pendicular| ence 
Foot Modulus | Modulus Sire a t Grain. to the to the Page. 
lbs. of of Elastic Crushing Grain. Grain. 
Elasticity. | Rupture. Limit, Strength. 
\ u ee ee 
1,000 lbs. | lbs. per sq. | lbs. per sq. | lbs. per sq. | lbs. per sq. | lbs. per sq. 
per sq. in. in. in. in. in. in. 
OAULA Cees stay teen] Le 2,090 20,700 | 18,800 10,880 2,710 620 18 
FARIEVOUY “cee wertk cael VEO -- — — 13,080 -- _ 25 
BROMO ts, etieese TL — _— _ 10,735 a — 25 
ARARIBA AMARELLO...| 56 — —_— — 10,363 — — 25 
AsseGal Woop... ...| 60 2,478 — =_ 8,393 _ — 19 
Asu (American White)) 40 1,810 16,800 | 10,200 8,190 2,110 880 —_ 
PV ACDEIBL) sss, ves] » 40 1,830 16,400 5,850 8,330 1,780 = 18 
BABU. tc terierenst, ee 1,794 15,830 _ — _ _ 20 
Basa Woop ... ...| 10-20 (slightly jabove half] the strenjgth of Spjruce) 23 
BaRBATIMAS ... ...| 79 _ 14,820 _ —_ — _ 25 
Brrcu (American) ...| 44 1,680 15,000 9,000 7,400 1,970 890 = 
» (British) of = 44 1,975 14,700 5,250 7,240 2,120 _ 18 
Brrow (American) ...| 38 2,200 18,900 | 12,3800 9,760 1,880 890 tard 
» (Canadian) ...) 38 2,090 15,400 8,900 7,770 1,910 1,120 i 


» (British) «| 40 2,090 13,911 6,760 9,420 — > = 


BLACKBUTT | ..5 4.6) 257 2,316 15,880 _ — 1,850 — 22 
Bruack Marre... ...) 68 2,500 23,000 —_ 9,000 2,400 — 21 
BOx-GRevs.. Gas. «ssl 78 2,766 16,209 = _ 1,790 _ 22 
CARVALHO VERMELHO) 65 — a = 19,655 — _— 25 
CasHEw-Nut Tree...| 35 — - — _ — _ 20 
CrpaR (Moulmein) ...| 35 7 8,852 _ a = — 20 

» (Port Orford). 31 2,040 14,500 8,900 7,750 | 1,500 630 24 


( Continued.) 
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. SN ' ompres- 
Weight pans acncle ee sive Stress} Shearing | Tension 
Per Parallel Stress Per- 
TIMBER, Cubic Fib to the Parallel | pendicular 
Foot Modulus | Modulus St me Ms t Grain. to the to the 
| lbs, of of Elastic Crushing Grain. Grain. 
Elasticity. | Rupture. Limit, Strength. 
1,000 lbs. | Ibs. per sq. | lbs. per sq. | lbs. per sq. | lbs. per sq. | lbs. per sq. 
per sq. in, in. in. in. in. in. 
CEDAR (Western) 22 1,250 8,800 6,100 6,320 920 180 
» (White)... 23 810 6,700 5,100 7,000 1,080 oes 
CHAPLASH... 34 1,075 9,968 — 6,473 1,282 — 
Curstnut (American)| 30 1,330 9,700 7,400 6,620 1,160 470 
. (Spanish) ..) 36 1,315 10,950 4,125 7,350 _— 
CopAHYBA... 67 _— — _ 12,008 —_ = 
CYPRESS 28 1,430 12,800 9,000 8,080 1,120 430 
DroDAR 37 1,348 8,670 5,145 4,445 1,015 355 
DuNGoN — 2,209 17,110 | 10,160 9,420 — _ 
Em (Slippery) ... 37 1,570 14,900 — —— — _— 
» (White) 35 1,490 14,000 — — — — 
+ (Rock) 44 2,500 15,000 — 11,000 — — 
,, (English) ... 43 2,090 14,180 6,910 10,100 1,905 —_ 
»» (Wych) 40 — — — — == = 
Fir (Douglas) ... 34 2,210 14,000 | 10,600 10,680 1,270 330 
5, (White) 26 1,490 9,800 7,000 6,150 1,060 200 
GREENHEART 74 — 19,286 — 14,560 1,040 — 
GuIsO 51 2,230 12,000 7,600 7,940 — =e 
Gum (Blue) 62 2,600 20,600 | 14,400 13,900 2,050 — 
» (Flooded) ... 61 2,670 16,200 | 15,500 8,550 1,100 — 
» (Grey) 71 2,353 13,931 a — 1,942 — 
» (Red) 56 2,590 16,600 — — 1,150 _ 


(Continued). 


Refer- 
ence 
Page. 


TIMBER. 


Gum (Spotted) ... 

HEMLOCK ... 

Hickory ... 

Horny 

Hornpram 

Tp ... 

Iroko Woop 

IRONBARK ... 

IRONWOOD... 

JACKWOOD... 

JARRAH 

Kauri 

Karri 

Larcu 

LAUREL 

Lianum VITa#&... 

Locust 

LuMBAYAU 

MAHOGANY (Wst.African) 
ni (Gaboon) .. 
A (Spanish) .. 


36 (Tobasco).. 


Weight 
Per 
Cubic 
Foot 
lbs. 


42 
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Static BENDING. 


Modulus 
of 
Elasticity. 


1,000 Ib. 
per sq. in. 
2,496 
1,520 
2,160 
1,230 
2,100 
1,680 
1,520 


2,662 


Main | gE 
Rupture. | Elastic 
Ibs. per sq. | Ibs. per sq. 
in, in 
16,150 — 
10,800 8,000 
20,200 | 11,800 
12,700 8,000 
18,600 | 18,900 
9,400 7,580 
8,497 = 
18,940 = 
20,000 =. 
6,732 — 
15,000 | 10,300 
12,200 = 
17,500 oe 
13,500 | 10,100 
10,819 —_ 
20,700 | 138,800 
9,200 3,600 
11,500 oe 
8,500 — 
12,000 — 
10,400 =: 


Compres- 
sive Stress 
Parallel 
to the 
Grain. 
Crushing 
Strength. 
lbs. per sq. 
in. 
7,910 
10,140 
7,820 
8,140 
6,570 


10,304 


(Continued). 


Shearing 
Stress 
Parallel 
to the 
Grain. 


Ibs. per sq. 
in. 


Tension 
Per- 
pendicular 
to the 
Grain. 


Ibs. per sq. 
in 


Refer- 
ence 
Page. 
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Weight Svan Sea re | ahaariog |aKeondon 
Per Parallel Stress Per- Refer- 
TIMBER. Cubic Fibre to the Parallel | pendicular| ence 
Foot | Modulus | Modulus | strew at | oGrhing | Grain. | Grane | 
Elasticity. | Rupture. Tents Strength. 
1,000 Ibs. | lbs. per sq. | lbs. per sq. | lbs. per sq. Ibs. per sq. | lbs. per sq. 
per sq. in. in. in. in. in. in. 
Manocany(Honduras)} 30 1,400 11,200 =~ 6,270 — — 22 
Map.e (Oregon) 54 1,580 12,000 7,600 7,180 2,010 520 25 
» (Sugar)... 43 1,820 | 15,800 | 10,400 | 8,570 | 2,450 770 | 25 
MoLAveE 57 2,583 15,690 8,240 9,220 —_ —_ 26 
Mora... 72 — 17,000 = 8,512 1,350 — 23 
MoruneG Savu... 5D — 18,000 — — — — 20 
MULBERRY 4s =: = = = es = 18 
NARRA 45 1,589 8,390 3,000 6,740 — — 26 
Nim 51 760 6,200 —_ 3,500 478 _— 20 
Oak (African) ... 70 — — — 10,800 — — 19 
», (English) ... 48 2,180 14,750 5,380 8,850 1,480 _ 17 
5, (live) 54 1,810 14,700 11,900 _ 2,890 1,500 25 
» (Silky) 38 — — — — — — 22 
» (White) 48 1,780 15,200 8,300 7,610 2,090 800 25 
Prropa (Amarello) ...| 50 2,045 — — 9,498 — — 25 
», (Parada) 53 — — os 9,000 _ — 25 
»  (Revessa) 53 — — —_ 9,426 — —_ 26 
Pinx (Longleaf) 42 2,200 16,700 11,800 10,880 1,640 420 25 
,» (Shortleaf)... 38 1,970 13,900 9,200 8,660 1,390 410 25 
» (Red)... 34 1,790 12,300 9,200 7,080 1,260 470 23 
,, (White,American)| 27 1,420 9,600 7,000 6,360 1,070 340 23 
,, (White,New Zealand)} 28 1,100 9,500 — 4,500 — = 21 


(Continued). 
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1 
ne ne ee EE El 
Compres- 
Weight cai ath ats sive Stree Shearing | Tension | 
Per Parallel Stress Per- Refer- 
TIMBER. Cubic Fib to the Parallel | pendicular| ence 
Foot Modulus | Modulus St A t Grain. to the to the Page. 
lbs. of of Elastic rushing Grain. Grain. 
Elasticity. | Rupture. Limit. trength. 
1,000 Ibs. | lbs. per sq. | lbs. per sq. | lbs. per sq. s per sq. | lbs. per sq. 
per sq. in. in. in. in. in. in. 
Prinz (Yellow) ... ...| 28 1,340 9,800 6,900 5,900 1,160 410 23 
POHUTUKAWA ... ...| 57 2,300 18,000 — 8,000 _ — 21 
DURARBA snc spe seal Ok 1,100 8,000 —_ 4,000 _ _ 21 
TARR? ns see eels OO 2,300 18,000 = 8,000 — — 21 
Repwoop (Baltic) ...| 37 — - — — ~- — 18 
Rara (Northern) ...) 55 2,200 17,000 — 8,000 _— _— 21 
, (Southern) ...| 57 2,300 18,000 _ 8,000 — = 21 
Sanwa Aso sc) OO 2,240 17,472 —_— 8,736 _ — 23 
Satin Woop ... ...| 60 1,560 13,776 — 7,548 1,903 — 20 
SNEEZEWOOD ... «| 67 2,204 — —_ 12,017 — — 19 
Spruce (Engelmann)..| 24 1,030 6,800 4,300 3,810 910 — 23 
» (Sitka)... ...| 26 1,610 11,200 7,200 5,440 1,210 — 23 
» (White) conlbe an 1,440 8,900 —_ 5,410 1,020 —_— 23 
Srrinagy Bark... ...| 71 2,353 13,931 — — 1,942 — 22 
StinkKwoop ... ..| 51 1,878 — — 9,087 1,307 —_ 19 
Sycamore (American)) 34 1,510 11,800 7,600 6,280 1,460 750 — 
co (English) ..| 36 1,240 10,000 8,175 5,530 _ —_ ae 
Tarnow Woop... ...| 63 2,516 17,240 — — 1,670 — 22 
TAMARACK spiheneey BY 1,680 12,100 8,400 7,590 1,370 410 24 
TENGILE” .liedentn.-) | St 1,690 10,000 4,900 5,280 — == 26 
Teak (Burma)... ...| 50 1,830 14,460 9,425 8,350 1,390 570 19 


» (African)... | 57 — = ie | = pt, aes 19 


(Continued). 
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| St are eee | Compres- 
Weight gp eam ac sive Stress} Shearing | Tension 
Per s Parallel Stress Per- Refer- 
TIMBER. Cubic | Fib to the Parallel |pendicular} ence 
Foot Modulus | Modulus St ‘ ah t Grain. to the to the Page. 
Ibs. of of : Elastic Crushing Grain. Grain. 
Elasticity. | Rupture. Limit. Strength. 
1,000 lbs. | lbs. per sq. | lbs. per sq. | lbs. per sq. | lbs. per sq. | lbs. per sq. 
per sq. in. in. in. in. in. in. 
THINGAM! 2613.43. Ue '49 2,085 16,360 — 8,350 2,078 — 20 
Tonanxie eur) 6; at.) 288 1,000 10,500 — 4,500 — _ 21 
TRINCOMALEE Woop...| 60 1,749 14,450 —_— 7,709 830 — 20 
TURPENTINE ... ...| 57 1,982 15,710 — _— 1,730 — 22 
Waunut (America) ...) 37 1,820 17,900 14,500 10,660 1,480 780 18 
‘ (Europe) ...| 46 — — — -— — — 18 
FA Cindia yy". p47 1,560 17,200 14,828 10,800 1,810 — 20 
Naar eR 59 2,079 13,000 7,270 9,220 a _ 26 


GREAT BRITAIN AND EUROPE. 


ENeLisH Oak is known the world over for its durability, toughness and elasticity. It stands out 
prominently above all other timbers for its adaptability in ship-construction. 


In 1924, workmen were digging in the blue marsh clay, an ancient silt deposit of the River Swale, 
near the mouth of Milton Creek, on the property of Mr. Dean, a friend of the writer of this paper, when 
a pre-historic boat was discovered of the Neolithic period which must have been 5,000 years old. Only 
10 feet 6 inches of the body remained, the ends were missing. It was 3 feet 6 inches high at the sides and 
83 feet wide amidships, and appeared to be a “dug-out” from the trunk of an oak tree. It is now in the 
museum of Hastgate House, Rochester. 


The grain of oak is straight, and when the timber is cut on the quarter, the silver grain from the 
medullary rays makes it very effective for decorative work. It has a tendency to warp and check in 
seasoning and preventive methods are, therefore, necessary. When steamed it bends easily and retains 
its shape. 

The common oak is known by the botanical name of Quercus pedunculata and the bay oak Quercus 
sessuliflora the latter being a little darker in colour than the former. The supply of local grown English 
oak is now scarce and Great Britain depends on other countries for the quantity required. The tree also 
grows in Russia, Italy, Austria, Spain and Portugal, and experts find it difficult to discover the difference 
when the timber is dressed and worked up. Austrian oak is well known for its beautiful effect in 
panelling. 

Owing to the presence of gallic acid it is essential that all iron fastenings in this timber should be 
galvanised. Experiments were carried out in the chemical laboratory of the New York University and 
the results were stated to prove that the effect of corrosion gave some protection to the iron, but long 


experience in this country has proved the necessity of taking the usual precaution of galvanising iron 
fastenings. 
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Larcu (Laria Furopea) grows in most of the northern districts of Europe. The tree needs an 
elevated situation with an open sub-soil. It was first introduced into Scotland in 1725, where it now 
flourishes wonderfully, by the Duke of Atholl who imported it from Italy. It can be procured in fairly 
long lengths, it is straight in grain, tough and very durable. The colour is reddish-brown at the heart- 
wood and yellowish-white at the sap-wood. The lighter coloured timber usually contains more knots than 
the darker. 

Lifeboats constructed of larch planking are very strong and durable. Where ships trade constantly 
through the tropics, the planking should be of teak or mahogany; larch or any other specie of soft wood 
is not suitable for the purpose. 

Larch roots make good thwart knees and breasthooks for small boats. 

EncuisH Enum (Ulmus campestris), Is a very difficult wood to work, noted for its strength, 
especially across the grain, very tenacious and does not easily split. It is used largely in the manufacture 
of lifting blocks. This timber is very durable if constantly immersed in water, and for this reason the 
planks of wooden vessels below the light water line are usually of English elm. Oak is more suitable for 
the combinations at the stem and sternpost. 

Elm twists and warps during the process of seasoning. It possesses a distinctive reddish-brown 
colour in the heartwood and the sap is well marked by its yellow appearance. 

Wycu Exum (U/mus montana). There is a great similarity between Wych and English elm, the 
former is straighter in the grain, lighter in colour, harder and more flexible. The difference is more 
noticeable in the tree, the leaves of the Wych elm being smaller and possessing a smoother surface. 

It is used extensively for the planking of boats for British warships. 

It grows in Scotland and the North of England. 

Brxcu (Fagus sylvatica). This is a very durable timber if immersed constantly in water, but is 
not suitable when exposed to variable temperatures. It is light-brown in colour, very close and even in 
grain, tougher than oak but has a tendency to be brittle, heartwood and sapwood are not distinctly 
separated. It has a very limited use in ship or boat-building. It grows in the South of England, and is 
well distributed over the continent of Europe, particularly in Roumania. 

Asu (Frazinus excelsior). Where toughness and elasticity are necessary, few timbers surpass ash for 
the purpose. It grows in most parts of Europe. It will stand sudden and large stresses, and is, therefore, 
suitable for towing bollards. It is sometimes used for frame timbers in boats, but soon rots when exposed 
to alternate dry and wet situations. The majority of pulling oars for ships boats are made of ash. It is 
grey or brownish-white in colour. 

Watnut (Juglaus regia). Is cultivated in most parts of Europe and is used chiefly for cabinet and 
decorative work in saloons and passenger accommodation. It is dark-brown in colour with black veins, 
and takes a beautiful polish. It has a fine grain, is inclined to be brittle, but does not split in seasoning. 

The timber grown in Great Britain is much inferior to that found in South Russia, Italy and France. 

SpaNisH CHESTNUT (Cas/ania sativa). Grows in Great Britain and the southern districts of 
Europe, in appearance it resembles oak but is closer in grain. It is very durable, easily worked, and does 
not shrink excessively during seasoning ; it possesses a very small amount of sapwood. When cut into 
light scantling there is a tendency to split at the fastenings. 

Batric Repwoop (Pinus sylvestris). Grows in Danzig Free State, Poland, East Prussia, Russia, 
Norway and Sweden, and is known locally by various names. It is actually the European Pine of the 
Northern Districts, and is known in this country as yellow deal. It is fairly strong and durable in 
exposed positions. It is used for deck sheathing, ceiling, cargo battens, hatch covers, chocks, fenders for 
tugboats, etc., masts and cargo derricks. 

Batic Wuirewoop (Pice excelsa). Known in this country as the white deal, spruce, or white fir. 
It grows in the same districts as the redwood. It is not so strong and durable as the redwood, is 
yellowish-white in colour, rather difficult to work owing to the number of knots it contains, is fairly 
tough and elastic, but is only used for ceiling, sparring, hatch covers and other unimportant purposes. 

Acacia (Robinia pseudacacia). Grows in Europe, Japan, India and North America. Usually 
known as the locust tree. It is a native of North America. The heartwood is light greenish-yellow, but 
darkens with time. It is tough and elastic aud possesses considerable power to resist shock. Is equal to 
oak for strength and durability. 

Muuserry (Morus alba). This timber has a good texture, when first cut it is yellow in colour but 
darkens to brownish-red on exposure. It has a limited use in ship and boat-building, but is used in cabin 
furniture. 
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AFRICA. 


Sneezewoop (Pferorylon utile). A valuable decorative wood, being a delicate rose in colour with 
a satin-like lustre, but it possesses a serious disadvantage that when sawing the material the eyes of a 
workman are immediately affected. It is one of the heaviest and strongest timbers grown in South 
Africa. 

AsseGat Woop (Curtisea faginea). One of the largest trees in South Africa. It is grey-brown to 
to dark cedar colour, Used by the natives for making weapons. It is a very heavy and dense wood. 

Srixkwoop (Ocofea bullata), Sometimes referred to as the Cape Laurel. A very beautiful wood 
for all kinds of cabinet work, the colour resembles walnut and it takes a fine polish. A timber that is 
very much prized in the Colony. It is hard and strong, elastic and tough, and also durable when exposed. 

AFRICAN OAK (Lophira procera). The supply of this timber is practically confined to the Gold 
Coast and Nigeria, it is known locally as Ekki. It is deep red in colour, while the pores on a vertical 
section are filled with a white deposit and contrast distinctly with the deep red ground. There is no 
distinction between sap and heart-wood. It is of exceptional hardness and used in ships where local 
strength is needed but is a first class heavy wood for cabinet work. 

Ikust (Adina Galpini). A native teak which grows in Matabeleland near streams, a hard durable 
oily timber. 

Iroxo Woop (Chlorophora excelsa). Is a very useful timber of good appearance and suitable for 
cabinet work and a variety of other purposes. Is fairly well known on the English market. Grows in 
Nigeria and its colour is light greenish-brown. ‘This is one of the most useful woods in Africa, it is sold 
sometimes under the name of African Oak. It is very durable and is a termite resisting timber. Used 
in the construction of boats and canoes. It polishes well and makes very handsome furniture. There 
is another wood of the teak specie, known locally as Mvule, which grows in Uganda and ‘Tanganyika. 

ArricAN ManoGany. Tropical Africa supplies the greater portion of the mahogany now imported 
into Great Britain. It is obtained from a vast area, and the quality varies in accordance with the district 
from where it is obtained, viz.: Benin, Lagos, Bassam, etc. The timber can be obtained of greater 
length and width than any other kind of mahogany. Its greatest fault is the prevalence of heart, wind 
and thunder shakes, which are the local names given to cross fracture. These defects are more noticeable 
in the figured wood than in the straight grained plain logs. (See also Section on Mahogany of Central 
America and West Indies, page 22). 


INDIA. 


One-half of the country is tropical and the other half is temperate to cold, so that vegelation varies 
considerably. On the plains near the coast line palms are prominent, further inland fruit trees and 
bamboos are plentiful, while on the hills the more useful and harder woods are obtained, such as teak, 
juniper, cedar, etc. } 

A Forestry Department under Government administration with a Research Institute at Dehra Dun 
is in existence, and over 100,000 square miles of forests are under supervision. 

The lack of adequate communication has prevented the proper development of the forest wealth of 
India and the Malay Peninsular. We possess little knowledge in this country of the very large number 
of woods obtainable. Teak is about the only timber that is generally known. The Forestry Department 
in publishing periodically the results of their investigations and gradually bringing to light many valuable 
woods which are suitable for ship and boatbuilding, but space will not admit of reference to more than the 
following, which are considered the most important for exporting. 

Trak (Tectona Grandis). The most useful and valuable of all woods used in shipbuilding. It 
grows in many parts of Central and Southern India and throughout Burma. The sapwood is white, and 
heartwood a golden-yellow when fresh but darkens with age. It is moderately hard and possesses a 
characteristic scent from a natural preservative oil. It is extremely durable and seasons well without 
warping or splitting. It is not difficult to work and takes a fine polish. Under the Rules of Lloyd's 
Register it takes premier place in the list of timbers approved for shipbuilding. It was used extensively 
as backing behind armour in warships; it is well adapted for weather decks. All good class motor and 
lifeboats which form the equipment of ships passing through the tropics are constructed entirely of teak 
with the exception of the timbers. There is no limit for the use of this excellent wood. The usual size 
of logs for shipbuilding is about 35 feet in length and 16 inches square. 
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Basu (Acacia arabica), This is an important wood in India and 1s used for many purposes. The 
tree is of moderate size and grows in the North and Central States and in the North of Burma. The sap- 
wood is whitish and the heartwood pink, turning reddish-brown on exposure, mottled with dark streaks, 
hard and very durable if well seasoned, polishes well. It is used in boatbuilding for timbers, stems, 
knees, keels, etc. 

Inpian Watnur (Albrizzia Lebbek). A very handsome wood. Grown extensively in Benga] and 
Burma. The sapwood is large and yellowish in colour, heartwood is dark streaked with lighter shades. 
It is hard and fairly durable, seasons well, is considered to be slightly inferior to English and Italian 
walnut, but superior to the American. This timber is used for cabin work and in the construction of 
boats in Southern India. 

Tue CasHew-NuT TREE (Anacardium occidentale). Introduced from South America and is found 
near the coast in most parts of India. The wood is reddish-brown in colour and moderately hard and is 
used for boatbuilding. 

CHAPLASH (Artocarpus chaplasha). A large deciduous tree grown near the Himalaya Mountain 
region, it is moderately hard, even grained, very durable and seasons well. The wood is yellow to brown 
in colour and is used in shipbuilding, dug-out canoes, masts and oars. 


TrrcomaLEr Woop (Berrya Ammonilla). Grown in Burma and Malabar, the wood is dark-red in 
colour, very hard and close grained, strong, tough and very durable. Surf boats of Madras and Burmese 
sampans are constructed of this timber. 


Jack Tree (Artocarpus integrefolia). Cultivated throughout India and Burma. The sapwood is 
pale and the heartwood bright yellow, darkening on exposure, moderately hard. Is used for boats, masts 
and oars. It is sometimes exported to Europe for cabinet making. 


ALEXANDRIAN Lauren (Calophyllum Inophyllum). A moderate sized evergreen tree, the wood is 
reddish-brown, fairly hard and close grained. Used in shipbuilding for masts and spars and cabinet work. 
Grown on the East and West Coasts of the Indian peninsular and Burma. 


Rep or Monmern Cepar (Cedrela Toona). A large deciduous tree grown on the foot-hills of the 
Himalaya mountains, Assam and Burma. The colour of the wood is brick red, it is soft, open but even 
grained. Seasons quickly and is easily worked, warps badly if used green, is inclined to be brittle. Used 
extensively for boatbuilding, dug-out canoes, sampans, masts, oars and paddles. 


Satin Woop (Chionanthus malabaricus). Grown in Central and Southern India. The wood is 
yellow in colour, very hard, close grained and with a beautiful satiny lustre and silver grain, is very 
durable. It is extensively used for cabinet work and in the construction of boats in Madras. Is said to 
resist the attack of the teredo. 

Nim or Maraosa TREE (Melia indica). Grows in the dry zone of Burma. ‘This wood greatly 
resembles mahogany, the sapwood is grey and the heartwood red in colour, it is hard and close grained 
and like the majority of India’s woods is scented. Very durable. Is used generally in ship and boat 
building. 

Ironwoop (Xylia dolabriformis). A very large tree often found in the vicinity where teak is grown. 
The wood is dark red in colour, very hard and durable, is fairly easily worked. Is immune to the attacks 
of insects after the timber is felled. Is in great demand where strength and durability are desired. One 
of the most useful and plentiful woods in Burma. Adapted for knees, crooks, and keels of ships and boats. 


Deopar (Cedrus deodara). Sometimes referred to as the Himalayan Cedar and grows in great 
quantity in this district. A very large evergreen tree and is strongly scented. Sapwood is white and the 
heartwood yellowish brown, It possesses great strength, hardness and durability, but takes a long time to 
season, It is used for many purposes throughout India, including boats, masts and oars. 


Morvune Savt or Sat (Shorea robusta). This tree grows at the foot of the Himalayas, it is an 
excellent durable timber, used for keels, sternposts, beams, planking on bottom, ceiling, shelf pieces and 
breasthooks, but is not suitable for thin deck planks exposed to the weather owing to its tendency to warp 
in the sun. It has been used in the construction of wood craft in the Calcutta district, but only to a 
limited extent in this country. Seasons with great difficulty. 


Tutnaam (Hopea odorato), A tall evergreen tree, grows in Burma ; yellowish brown in colour, hard, 
close and even grained, very durable, resists white ants ; used locally for boats and canoes, ship's blocks 
and capstan bars. 
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NEW ZEALAND. 


New Zealand is not considered of great importance as a source of supply, the export of timber now 
being somewhat restricted, but the quality of the native woods is excellent and the importance of the 
subject of the utilization of New Zealand timbers is well recognised by the Government in the upkeep of 
a State Forest Service. 

The following information deals only with those timbers which are considered useful in the 
construction or fitting out of ships and boats. 

Kauri (Agathis australis). One of the best timbers used in shipbuilding and the most important 
grown in New Zealand, it can be obtained in all sizes up to 120 feet in length and as wide as 8 feet in 
20 feet lengths. It is clean and free from defects, straight in grain, but is not so durable out of water as 
when immersed or in contact with water. It is subject to borer on land and teredo in water. It is fairly 
strong and elastic and is used for masts and deck planking for ships, and outside and inside planking for 
yachts. Some of the Wellington yachts built of Kauri 30 years ago are still quite sound. The growth of 
Kauri is confined to the Auckland Province. ‘This timber is sometimes called Cowdie, Cowrie, Kawri, or 
New Zealand Pine. 

Puxarea (Laurelia novae-zelandiae). The lightest hardwood in New Zealand, possesses exceptionally 
good nailing qualities and is difficult to split. Is very durable in salt water and proof against teredo 
attack. It is not used extensively by ship or yacht builders, as there is no general demand and the mills 
consequently do not stock it. It is suitable for outer and inner planking of boats, and the Maoris use the 
wood in constructing canoes and paddles. 

Torara (Podocarpus totara). One of the standard durable timbers in general use throughout New 
Zealand. Not used extensively in ship or boat building except for sheathing instead of copper, is suitable 
for inner and outer planking, is easily worked but is short-grained and, consequently, brittle. It is 
therefore, unsuitable for beams. Highly resistant to insect or toredo attack. It possesses a fine and 
uniform grain and is not affected by wet. 

Waite Pinu (Kahikatea). Grows throughout New Zealand, the trees being of great height and 
are almost parallel width for 100 feet. it is exported largely to Australia. The grain is smooth and fine. 
It is not a durable timber ashore, owing to the attack of the borer (anobuine domesticum) but it stands 
well in salt water and is very suitable for outside planking. It is universally used for butter boxes as it 
imparts no flavour to the butter. 

PouHuUTUKAWA (metrosideros tomentosa), A very strong and valuable native timber for ship and 
boat framing, excellent for crooks and knees, also used for treenails, machine beds and large wooden 
bearings. It is realiy only a big scrub and it would be difficult to procure a straight stick 10 feet long 
and 6 inches in diameter. It grows only on the sea coast of the North Island. 

NortHern Rata (Melrosideros robusta). A very strong timber grown all over New Zealand and is 
really a forest product of pohutukawa and has the same brilliant red flower. It can be procured in sticks 
40 feet long and 2 feet in diameter. It is considered a durable timber both ashore and afloat. Excellent 
for crooks and knees and also boat timbers. 

SourHeRN Rata (Metrosideros lucida). A similar specie of timber as the Northern Rata but not so 
even in grain; it is difficult to season. 

Brack Marre (Olea Cunninghamii). Is fairly plentiful in the Central North Island District, the 
trees are frequently 70 feet in height and 2 feet in diameter. A very hard and durable timber and is 
used for framing requiring great strength, propeller shaft bearings, ship’s blocks, deadeyes, treenails, etc. 

Purirt (Vitex littoralis). A similar specie to Black Maire and used for the same purposes, it has an 
interlaced fibre and is difficult to work. Highly resistant to teredo attack. 

Buack Brrcu (Nothofagus solandri). ‘This is the best rib or yacht stringer timber in New Zealand 
and is universally used for this purpose. It is always known in the trade as Black Birch. It becomes 
very plastic when steamed and retains the bend when it drys. It grows in all parts of New Zealand and 
is practically proof against the ravages of land and marine insects. 


AUSTRALIA. 


This country is very rich in hardwoods, New South Wales and Queensland in particular being very 
prolific in timber, the best quality being found along the coast-line. Owing to climatic advantages 
felling and exporting can be undertaken throughout the year. Building is limited to small tugs, harbour 
craft and boats but the supply of good quality timber for export appears to be unlimited. 
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JaRRAH (Hucalyptus marginata). Is an important timber grown in Western Australia, the tree 
attains a great height. It is straight in grain with very little sapwood. The colour is brick-red when 
cut but darkens to reddish-brown on exposure. Is very durable when in contact with moisture, and is 
used for frames and planking below the load-line in shipbuilding. 

Bracksutr (Hucalyptus patens). A very tall tree which grows along the south coast. It is very 
hard, dense, tough and difficult to split. The colour is greyish-brown and the sapwood well defined. Is 
used for frames and sponsons. 

Grey IronBarK (Lucalyptus paniculata). An important and useful timber grown in New South 
Wales, is used a great deal for bridge construction, and for keels, stems and sternposts in shipbuilding. 
Is very hard and difficult to work. 

Grey Gum (Lucalyptus propingua). Is a similar type of timber to grey ironbark. Is very durable 
but brittle. It is grown on the North Coast and is used for knees and inside ceiling. 

SporreD Gum (Hucalyplus maculata). Grown in New South Wales, pale yellowish brown in colour, | 
possesses an attractive grain, is very tough and durable, bends easily and is used for planking. 

TURPENTINE (Syncarpia laurifolia), Grown in New South Wales, colour varies from brown to a 
dull red. It is difficult to season without warping and shrinking but is a useful timber for planking as 
it resists the attack of the teredo. 

TatLtow Woop (ucalyptus microcoryo). Is one of the most important hardwoods grown in 
New South Wales, it is a very hard, dense and durable wood. As its name implies it has a greasy nature 
and is suitable for deck planking exposed to the weather. Is yellow in colour when cut but darkens to 
a pale brown on exposure. 

Rep Gum (Eucalyptus calophylla). 1s a very durable and hard wood, and is considered to resist the 
teredo. Brownish grey colour. Inclined to the attack of white ant. 

Grey Box (HLucalyptus hemephloia). Is a timber of great strength, tough and hard but cross- 
grained. Is very durable. Is pale brown in colour, and is sometimes referred to as “canary wood.” 

Wurtr Srrinay Bark (Lucalyptus eugenoides). Grown in New South Wales and Queensland. 
Brown in colour; is one of the most durable woods in Australia. 

Karri (Hucalyptus diversicolor). Is a very tall tree and somewhat resembles jarrah. It is reddish 
brown in colour, very hard and dense. Like most hard woods of Australia it takes a long time to season 
and is inclined to split at the ends in the process, 

Strxy Oak (Grevillea robusta). Grows in South Queensland and New South Wales and is about 
equal to beech for hardness, it is sometimes referred to as ‘‘ beefwood.” The colour is pinkish to light 
brown, and the grain is of an even character with a very pleasing lustrous and silky surface. It is elastic 
and durable but difficult to plane end grain. It is used in cabinet work. 

Froopep Gum (Zucalyptus saligna). Grows in New South Wales and Queensland. Pale red in 
colour, straight in grain and easy to work, rarely splits in seasoning but has a tendency to decay under 
certain conditions ; is considered a valuable wood in Australia. 

TronparK (Lucalyptus leucorylon). Is widely distributed throughout South Australia, grown also 
in New South Wales and Victoria, very strong and durable, useful for all purposes where lateral strength 
is important. The colour varies from pale yellow to brown. 

BuivE Gum (ELwcalyptus tereticomis). Is named after the colour of its bark, the timber is of a red 
colour, close grained, tough and durable. It grows in Queensland. 


CENTRAL AMERICA AND WEST INDIES. 


Manocany (Swietenia). This tree grows in great variety and something like sixty different species 
of timber have been put on the market, some are closely related botanically while others resemble the true 
mahogany only in appearance. It grows in tropical and semi-tropical districts and is exported to this 
country from West Africa, Honduras, Mexico and the West Indies. It is very difficult, even for an 
expert, to distinguish one variety from another. The Spanish mahogany, named because it was first 
imported from the Spanish possessions in the West Indies, originally came from the South coast line of 
Hayti, but is not now easily obtainable in large scantling, it is distinguished from Honduras mahogany by 
its closer grain and darker colour. It is colder to the touch and possesses a silky texture with white specks 
in it, while the specks in the Honduras specie are black. The Mexican, or Tobasco mahogany as it is 
usually called, is very similar in colour and texture to the West African (Lagos). Gaboon mahogany also 
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comes from West Africa and is much softer and lighter in colour than the other species mentioned, and 
resembles light teak in appearance, but is inferior in quality and is not generally recommended for good 
class work in yachts or boats. True mahogany shrinks very little and does not alter its shape when 
seasoning, and is very durable if kept dry. The sapwood is easily distinguished by its straw colour in 
contrast with the red of the heartwood. 


Sasrcu (Acacia formosa). Grows in Cuba and the West Indies, in appearance it bears resemblance 
to mahogany but is darker in colour. It is a hard and strong wood, stands well when exposed to the 
weather, and is still used for local shipbuilding in the West Indian Islands. In the Society’s Rules it is 
classed with jarrah, karri and other similar woods. 


Lignum Virai (Guaiacum officinale). The tree grows in the tropics, the bulk of the supply in this 
country comes from British Guiana and the West Indies. The colour is very dark green and the sapwood, 
which forms a considerable portion of the section, is a dull yellow. A prominent characteristic of this 
timber is that the sapwood is just as strong as the heartwood. It is difficult to see the annual rings. As 
is generally known this is one of the heaviest and toughest timbers, and is used for block sheaves, 
propeller shaft liners, etc. 


Batsa Woop (Ochroma Lagopus). A product of the tropical forests of Central and South America. 
It derives its name from a type of raft used in the neighbourhood of growth. It is exceptionally light in 
weight, being lighter than cork, the weight per cubic foot varies according to its distance from the centre 
of the log, the nearer the centre the lighter the wood. 

The writer of this paper has been through the whole process of production at the Works of the Balsa 
Wood Co., at Harlem, New York, but space will not admit of a full description. 1t is used extensively in 
America for lifebuoys and life jackets, fenders and outside buoyancy of lifeboats, insulation purposes and 
aeroplane construction. In its natural state it has a tendency to rot, but when treated by a special process 
adequate protection is given without injuring the fibre construction of the wood. 


GREENHEART (Nectandra Rodioe’). Grows in British Guiana, is straight in grain, free from knots 
and defects. The sapwood is not distinguishable from heartwood, is of great strength and durability, 
but is liable to end splits and requires care when sawing into planks. It is proof against the teredo worm 
and the white ant. The colour is pale yellowish-green. 


Mora (Mora eacelsa). Grows in British Guiana, yellowish-brown in colour, contains an oily 
substance in its pores which makes it durable, close in texture and has the reputation of being as durable 
as teak, and has never been known to be attacked by dry-rot. Is very close grained, and, when clear of 
sapwood, is very durable in or out of water. 


CANADA. 


Spruce. White Spruce (Picea canadensis) Black Spruce (Picea mariana) Red Spruce (Picea rubia) 
Englemann Spruce (Picea engelmanni) Sitka Spruce (Picea sitchensis). 

Nearly one-third of the entire production of lumber in Canada is obtained from spruce. Mainly due 
to the absence of resin, this timber is used largely in the manufacture of wood-pulp. There are five 
different species of spruce grown in the Dominions, the most important and abundant being white spruce. 
Black spruce is considered inferior to the other spruces as it usually grows on poorly drained soil in 
the neighbourhood of Labrador, although both black and white have been used in the construction of 
wooden ships in the Nova Scotia district. Red spruce is confined to the Hastern Provinces and is 
excellent in quality. Englemann and Sitka spruces are grown almost entirely in the Western district of 
British Columbia. The former can be obtained in great widths and is reasonably free from knots. The 
latter, which is sometimes referred to as silver spruce, coast spruce, and aeroplane spruce, was practically 
unknown outside the Pacific Coast before the war, but is now in great demand for a variety of purposes. 
It is straight grained, easily worked and very strong for its weight. 

Wuite Pine (Pinus strobus). Isa valuable wood in Canada but heavy demands for the export trade 
are gradually reducing the sources of supply and good timber is now scarce. It is often referred to in this 
country as yellow or Quebec pine. It is soft, but strong, when compared with its weight, the percentage 
of shrinkage is small and the timber preserves its shape well when bent for planking. The Western pine 
(Pinus monticola) is grown in British Columbia, while the Eastern white pine is grown over an extensive 
area between the Atlantic Coastline and Manitoba. 
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Rep Prinz (Pinus resinosa). Sometimes called Norway Pine. As the botanical name suggests it is 
more resinous than the white pine and is considered more suitable for constructional work. The supply 
is abundant but the demand for shipbuilding purposes is small. 

Doveuas Fir (Pseudatsuga tazxifolia). Sometimes but incorrectly spoken of and sold as “ Oregan 
pine” or “Columbian pine.” The tree is confined practically to the Western side of the Rocky Mountains, 
it is the largest and most important grown in Canada. It is strong and durable, the two essentials for 
timber used in shipbuilding, and can be obtained in long lengths with large cross section. The spar of 
Douglas fir at Kew Gardens is 214 feet in length, being 2 feet 9 inches at base and 1 foot at the top. 
The flagpole erected in front of Court House, Vancouver, B.C., is only four feet shorter, and is also one 
single stick. 

The wood is straight in grain with pronounced annual rings, but is difficult to plane end-grain. 
Owing to its attractive figuring it has found a ready market during the past 8 years in this country for 
doors and panelling. During the war large quantities were used in the construction of wooden ships both 
in Canada and the United States of America. In the timbers approved by Lloyd’s Register it is second 
in importance to teak for deck planking and sheathing. The heartwood is of a golden cream colour and 
the sapwood tending towards a shade of straw. 

From the early days of the white settlement Douglas Fir has been used in the construction of sailing 
ships. If properly seasoned it is quite satisfactory for timbers, beams, decks and planking. It is 
susceptible to attack by teredo and before the use of copper or metal sheathing it was a common practice 
to dry dock vessels at frequent intervals, dig out the teredo if not too far embedded in the wood, but in 
any case the holes were cemented. 

The life of the hulls of vessels built of Douglas Fir on the Pacific Coast is from 30 to 40 years, if 
reasonable care is taken to keep the structure efficiently ventilated. The enormous constructive 
programme of the United States of America during the war in building wooden steamers made it necessary 
to use timber that was unseasoned, with the inevitable result that the life of these vessels was very short. 
These unprecedented circumstances should not, therefore, cast any reflection on the quality of this 
excellent timber for use in shipbuilding and constructional work. 

Hemiock (7'suga heterophylla). The western hemlock is grown in British Columbia. It is now 
being used largely for interior decorative work and possesses an attractive grain for panels. The bark is 
valuable for tannin. This timber is liable to decay if exposed in damp situations, 

Cepar (Thuja occidentalis). Sometimes referred to as white cedar and is grown in the Eastern 
aie but confined to the South of Manitoba. The colour is light cream with a brownish tint in the 

eartwood. 

Western Rep Cepar (Zhuja plicata). Grows to a large size in British Columbia and is of great 
commercial importance to the country owing to its adaptability for roofing shingles and its durability 
when exposed to moisture. It is light in weight and in great demand for the planking of small boats and 
canoes, being very flexible after steaming. 

Western Larcu (Larix occidentalis), TAMARACK or Hackmarack (Lari laricina). The colour 
of the heartwood is golden brown, is very durable. and is considered to be the heaviest, hardest and 
strongest commercial hardwood. For further details see reference to British Timbers. 


UNITED STATES OF AMERICA. 


Port ORFORD CEDAR is really a cypress (Chamecyparis Lawsoniana). This timber is beautifully 
clear and white, takes a high polish, and notwithstanding its softness resists wear unusually well. [t is 
understood that one of the America cup challengers was decked and side-planked with this wood. It has 
one serious drawback, the oil being toxic, men handling the wood become affected in varying degrees. 
Contact with it produces irritation of the kidneys and aggravates any wounds in the hands of workmen 
who use it. West Coast Indians use this timber for their canoes. 


Crpar, Rep or Penci, Cupar (Juniperus ae Must not be confused with the red 
cedar of Canada. A very valuable wood, the heartwood is a bright pinkish red, fine and even in grain, 
very light and soft. As the name suggests it is used in the manufacture of pencils and owing to its 
attendant wastage the source of supply is being limited. This wood has often been used in shipbuilding 
and is an approved timber by Lloyd’s Register, but its present use is confined practically to yacht and 
boatbuilding. 
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Hickory (Hicoria ovata). One of the best of American hardwoods, dark brown in colour, straight 
in grain, elastic, and is considered superior to ash for toughness. It decays when exposed to damp 
situations and its use is, therefore, limited in the construction of wood craft. 

Pine, Longleaf (Pinus palustris). This timber is known to us as pitch pine. It is one of the 
hardest and most durable of tumbers, the colour is reddish yellow and being full of resinous matter is 
very durable. It is reasonably free of defective knots. Used extensively in the construction of sailing 
yachts and motor boats. The supply is becoming limited owing to heavy demands for export. The 
shortleaf pine and Loblolly pine grown in the South is inferior to the longleaf pine and is distinguished 
from the latter by a larger amount of sapwood and the greater distance between the annual rings owing 
to its quick growth. 

Oak, Wurre (Quercus alba). Live Oak (Quercus vireus). Some fifty different species of oak are 
grown on the American continent. The two referred are the most important, the former is the wood 
which is generally known in Great Britain. It is not so strong as English oak but can be obtained in 
larger scantling and greater lengths. Is pale reddish brown in colour, rather coarser in grain to the 
English and Japanese species. As is well known it is used for beams, frame timbers and planking, 
gunwale bars, keels. stems and sternposts. ‘The live oak is a quicker growing tree than the white oak. 
It checks rather badly in seasoning. 

Marin. (Acer saccharum). Grows extensively in Canada and the North of the United States of 
America, ‘The colour is yellowish red, it requires careful seasoning, is strong and fairly hard with a 
close grain. Is greatly sought after for cabinet work, especially “ bird’s eye”? maple, the peculiar grain 
being the result of fibre distortion. Is sometimes used for keels in boats, but is not considered durable 
when exposed to the weather. 

Locust (Robinia pseudacacia). Is a very tough wood and is unequalled for torsional strength and 
resilience, consequently there is no timber more suitable for treenails. Is used in exposed alternating 
wet and dry situations and for frame timbers. The heartwood is brownish in colour with shades of red 
and green. Shrinks badly in seasoning and is subject to insect borers. 

LouistanA Cypress (Zaxodium distichum). Is very much like the Californian Redwood in 
appearance and quality. Comes into this country in great widths, is very straight in the grain, smooth, 
and light in weight. Is very durable for exposed situations, used extensively for boatbuilding in 
America, and has been fitted in ships’ boats in Great Britain for side benches and thwarts. 

Rock Exum (Ulmus racemosa). Grows in the United States of America and Canada, is a very fine 
and close grained wood, light brown in colour, tough and strong but elastic and bends easily. It is an 
excellent wood for timber frames, keels, keelsons and gunwales ; is very durable in wet situations. 


BRAZIL. 


Brazil is very rich in good quality timber, the vast forests of the Amazon contain hundreds of 
species of trees. When better means of transport are organised, we shall know more of the value of this 
country’s resources than we do at present. In the neighbourhood of Rio-de-Janeiro, Peroba is almost 
exclusively used for shipbuilding as the source of supply is near at hand; in the north of Brazil other 
woods are used. Reference is made to a number of timbers which will prove useful for ship and boat 
building. 

Anaico (Pepladenia Rigida). Is very much like rosewood and sabicu in appearance, it is very 
dense and has a fine and smooth grain. Is used in cabin and ornamental work. The colour is 
i dark brown. 

Acasou (Vonocapona americana). A very hard wood, rather coarse in grain, very dark brown in 

colour, used in joiners’ work and takes a good polish. 

ARARIBA AMARELLO (Centrolobium Robustum). Used in various parts of ships. 

Barpatimas (Stryphnodendron Barbitimas). An excellent wood for wet and damp situations, 
whitish-brown in colour, streaked with blackish concentric bands. Of great beauty and used for cabinet 
work where exposed to the action of water, and will outlast any other wood for this purpose. 

CARVALHO VERMELHO (Rhopala Gardenii). A hard wood which is in general use in Brazil. 

CopauyBa (Copaifera Guianensis). Used for masts, spars and bent frames and for all purposes 
where shock has to be resisted. Possesses rather a coarse and open grain, turns a purple colour after 
exposure. 

Prropa AMARELLA (Aspidosperma Polymacon). 
Prerosa Parpa (Aspidosperma Leuconchim). 
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Prrosa Revessa (Aspidosperma Speciosa). ‘Che peroba is one of the most important timbers used 
in Brazil for ship and boat-building. It grows in the State of Sao Paulo in great abundance, it agrees 
well with iron and is very durable. It is considered to be stronger than teak, the colour varies from light 
greyish-yellow to a pale rose with dark streaks. Some species look like pencil cedar but are much harder. 
It has a close and fine grain and js not difficult to work. 


PHILIPPINE ISLANDS. 


Narra (Plerocerpus indicas), The most popular timber in the Islands, used for cabinet work where 
a hard, heavy and beautiful wood is required. The colour varies from pale reddish-yellow to deep red, 
fairly easy to work and takes a good polish. 

Guiso (Shores guiso). A very hard and strong wood with a fine medium texture, is beautifully 
figured when quartered, reddish in colour; is used in high class cabinet work and for ships planking and 
keels. 

TANGILE (Shores polysperma). Sometimes referred to as ‘Philippine Mahogany”, and resembles 
mahogany in general appearance, is used for high grade cabinet work. 

YaKau (Shores and Isoptera spp.). This timber is used where great strength and durability are 
required, used for keels, knees, beams and frames in shipbuilding. Its colour is light yellowish-brown, 
darkening on exposure, is difficult to split, does not check badly but needs careful seasoning. 

Lumpayau (TZarrietia javanica). A moderately hard timber, reddish in colour, tough and strong, 
used for planking and inside finishing of ships, also for aeroplane propellers. Possesses a straight grain 
and is easily worked. When cut on the quarter a beautiful silver grain is exhibited. 

Duneaon (Tarrietia sylvatica) AND MouAvE (Vitex aherniana). Do not grow in sufficient commercial 
quantity for export but are used locally for keels, knees and frames; very hard, tough and flexible, but not 
resilient ; reddish-brown in colour, rarely attacked by the termites. 


JAPAN AND HONG KONG. 


With the exception of oak and ash very little Japanese timber is imported into this country. 
Owing to the scarcity of the former in Great Britain large quantities are now being received of excellent 
size and quality. 

JAPANESE Pings. There are many kinds but the most common ones are :— 

(a) Mu-matsu (Pinus densiflora). Yellowish-brown in colour, white sapwood ; produced in all parts 
of Japan except the coast. 

(b) O-marsu (Pinus thunbergii). Yellowish-white in colour, grown mostly on the coast. These are 
cheap in price and fairly strong amongst the soft-wood class, but being somewhat porous in tissue are not 
altogether suitable for side and bottom planking. ‘They are generally used as keels. stems and sternposts 
for inferior junks, and as beams, frame timbers, shelf and other longitudinals in almost all junks. 

JAPANESE OAK (Quercus acuta). This timber is now being exported to Great Britain in large 
quantities in a sawn and converted form. The stock is well graded and seasoned, and comes to the 
market already quartered. Trees grow to considerable size in the northern island. It resembles in 
quality and texture the American oak. 

Cepar. Suet. (Criptomeria Japonica). Brown in colour whilst sapwood is white, very soft with 
a tendency to be rather brittle. Much used in junk construction especially for side planking. It is also 
used in small open boats, is durable but easily dented. One of the largest trees grown in Japan. 

Hrnoxt (Chamecyparis obtura). For hardness and strength nearly equal to ‘ Matsu”, yellowish- 
brown in colour and much used as deck and shell planking of wooden steamers and sailing vessels, also 
for planking of lifeboats, cutters, etc. It is very similar to yellow pine and is very durable in damp 
situations. 

Tsuki and Knyaxt. These timbers are very similar to each other and said to have the same 
strength as oak. Used for keels, keelsons, stems and sternposts of superior junks, and wooden steam 
and sailing vessels. Both are hard woods. 

Tamo. Isa very hard wood used for frame timbers in the southern part of Japan. 

Suros1. Appears to be about the same strength as mahogany, is used in panels and other cabinet 
work. The defect of this timber is that it will easily deform with atmospheric changes and consequently 
is used for veneering. rows in the northern part of Japan. 
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The best grades for boat and yacht building used in Hong Kong and Shanghai are :— 

Yacau (Hopea plagata). A Borneo hardwood, light in colour, straight grain, somewhat heavier than 
teak, is strong and flexible and worm-resisting, used for planking under water. 

Ipi, (Zntsia bijuga). 1s also a hardwood from Borneo, being flexible and tough, when steamed is 
easy to bend and is used for frame timbers. Very durable, except when in contact with salt water. 

Cuina Pine. Is a native-grown pine of light weight, but rather a poor grade wood and used for 
planking and decks. ‘This timber will stand for a long time without being affected by marine worms. 

CampHor-woop (Drybolanops aromatica). Extensively used by the Chinese in the construction of 
junks and sampans, for timbers, floors, knees, ete. Is not attacked by white ant. It has the drawback 
of decaying when exposed to damp and should not be used for deck fittings. 

ARANGA. Has been used in the construction of cheap boats but has proved by experience not to be 
durable when exposed, it resists, however, the action of the teredo. 

It is of interest to note that the Chinese when planking a junk do not steam the timber, but burn 
or heat the plank and then pour on water. The fore body has a very easy entrance which swells out 
considerably at the stern and is, therefore, difficult to plank. The planks are edge-fastened by nails and 
the nail-head holes filled with a putty called chunam. The bottom is caulked with shavings from the 
bamboo well plastered with chunam. ‘The planking is then coated with Chinese oil and the bottom 
covered with a black protective compound. 


APPENDIX. 


FIREPROOF TIMBER. 


A great deal of time and money have been spent in devising methods for rendering timber fire- 
resisting, but it is only during recent years that the attempt has been successful in producing a process 
which is of commercial value. The importance of the use of non-inflammable timber in public 
buildings, railway stock and ship construction cannot be overestimated. 

The problems associated with the early investigations have now been solved and it is possible to supply 
non-inflammable timber for use in ships, yachts and motor boats which will retain its original qualities 
after treatment, will not corrode or have any deleterious effect on fastenings and will not damage or blunt 
the tools of workmen. The effect of chemical impregnation does not prevent the use of paint or polish, 
which is confirmed by the writer’s experience with casings over motor-boat engines. 

It is not possible in the present paper to give a detailed treatment of the subject, but the following 
brief description of the method adopted by The Timber Fireproofing Co., Ltd., of Market Bosworth will 
be of interest, and is known as the “ Oxylene”’ process. 

It is essential that timber subjected to treatment should be seasoned and free from defects. The 
first action is to submit the timber to a process of steaming in steel cylinders under high pressure ; any 
sap or moisture present is vaporised, the time taken depending on the characteristics of the wood. The 
vaporised sap and air from the wood is then withdrawn from the cylinders by means of a vacuum pump 
and condenser, and while in this condition an aqueous solution of phosphate of ammonia and other anti- 
pyrene chemicals is run into the cylinders from tanks situated immediately above. When the cylinders 
are full the timber is impregnated with the solution under hydraulic pressure. 

After chemical treatment the timber is removed from the cylinders and stacked in warm dry 
air kilns, 

The action of flame or heat is to expand the crystals on the outside of the wood, giving the 
appearance of effervescence, which exclude the oxygen in the atmosphere and prevent it combining with 
the cellulose material of the wood. The writer has witnessed official tests of cabins constructed of non- 
inflammable timber brought into contact with intense heat and it was noticed that, even when the 
crystals on the surface adjacent to the source of heat after some time became exhausted, the wood did not 
burn but simply charred. 

The value of fire-resisting timber in the construction of bulkheads in passenger spaces is obvious, 
and the Board of Trade have approved of its use as conforming with the requirements of the sub-division 

| regulations. It is to be hoped that in course of time the process may be less expensive for the production 
of timber for use in refrigerated holds of ships. 
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TIMBER USED FOR REFRIGERATED HOLDS. 


The importance of obtaining timber which has been thoroughly seasoned for the purpose of 
insulating holds, was never so great as at the present time. The attention of refrigerating experts has 
always been directed towards the development of decay, and the possibilities of methods for preserving 
the timber. 

Where the inner ceiling over ballast tanks is fitted direct to the tank top, it is a common experience 
to find decay in the timber owing to the lack of adequate ventilation. 

Another part of the hold which frequently gives trouble from deterioration, is in way of the limber 
hatches where the timber is exposed to the atmosphere of the bilges. 

Owing to variation in temperature, decay sometimes takes place in the vicinity of the brine coolers 
and brine leads. Metallic fastenings also tend to create decay in timber. 

When considering the question of treating the timber to resist decay, it is necessary to keep in mind 
that for insulated cargoes the medium used for impregnation must be non-oderous, non-corrosive, and 
must not render the timber more inflammable. 

Tests have been made with various methods for rendering the timber less liable to decay, but the 
process has generally been considered to be too expensive for application to shipwork. Coating the 
surfaces of the inner linings with paint does more harm than good, unless the timber is seasoned 
thoroughly. The only protection given to the timber in insulated holds is to coat the outside surface 
with spirit varnish. 


TIMBER FOR HOLLOW SPARS. 


Where weight and rigidity are important considerations in the design and construction of racing 
craft, the adoption of hollow masts and spars appeals to the interest of the yacht owner, and their 
adoption is now well established. They are also used in the Merchant Service and Royal Nayy for 
various purposes, such as air craft construction, wireless supports, spreaders, etc. 

The method of constructing the spars is considered a matter of interest to the members of the 
Association, and a brief explanation, is, therefore, included in this paper. 

The McGreer Hollow Spar Co., Ltd., of London and Gosport, have been good enough to send the 
writer a number of samples of the various spars they produce, which will be exhibited when the paper is 
read in London, but the descriptive and illustrative matter given in the paper will, it is hoped, be of some 
value to the members at the Outports. 

Comparative strength tests have been made between hollow and solid spars of the same diameter, 
with satisfactory results for the former. One test result is given as a fair indication of their relative 
value. 

The specimen spars were 6 feet 8 inches in length, of best selected silver spruce, the hollow spar 
having 4 inch solid ends, and both spars being 24 inches in diameter. They were loaded at centre, 
having free ends, and the maximum load at the point of collapse, with the hollow spar built up in three 
layers was 784 lbs., and that of the solid spar being 812 lbs. At the maximum load the deflection in the 
hollow spar was steady for 10 minutes before collapse, but the solid spar collapsed without warning. 

The saving of weight in the rig of an average sized yacht when hollow masts and spars are adopted 
is from 30 to 45 per cent. The advantage also of the weather surface of the built up spar in comparison 
with the solid spar is obvious. 

The hollow spar is built up of layers of wood. The timber employed is of special quality and specie, 
it is sometimes called Pacific Coast silver spruce, particulars of which will be found by reference to the 
descriptive details in this paper. It is known in the United States of America and Canada as Sitka 
spruce. The construction is not limited to any particular shape, being parallel, tapered, trumpet-shaped 
or cambered in length, and circular, oval, pear-shaped, etc., in section. 

The number of layers and thin thicknesses depend on the shape of the spar and the strength 
required, the usual thickness varying from ,'y in. to} in. These layers are prepared from timber cut on 
the quarter to permit of the annual rings lying at an angle of about 45° to the surface of the section as 
shown in Fig. 11. The layers may be in one width in spars of small diameter, but as the diameter 
increases they will be in two or more widths. The usual width in a large spar is 10 inches, but to obtain 
the best section for maintaining the correct angle of the annual ring with the surface it is essential to 
| alg widths scarphed together as illustrated in Fig. 11. The layers are also suitably scarphed 
engthwise. 
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The first procedure is to reduce the timber to its correct width and thickness for layering, it is then 
shaped accurately and scarphed to the lines of the required spar. ‘These layers are bent to shape on 
tubular mandrels made of sheet iron having a tinned surface, throughout the length of which steam is 
circulated. The shape of the mandrels corresponds to the desired shape of the spar. 

The length of the “bending berth” is about 45 feet which takes the maximum length of a layer. 
The mandrels are about 15 feet in length with couplings attached for joining to each other. 

When the layers are bent and taken off the mandrels, they are quite dry and retain their cylindrical 
shape, they are then ready to be placed on a “eore” or “former” to be glued together. A core is built 
of wood, except in very small spars when they are sometimes made of metal, the outside diameter being 
equal to the inside measurement of the spar. 

The layers are glued together with cold water waterproof glue and remain on the core until the 
required thickness is obtained, each layer being allowed to set before the next is applied. 

‘After withdrawal from the core the spar is dried thoroughly before any end solids or other internal 
reinforcements are put in. 

End solids are usually shouldered over the ends of the layers, as shown in Fig. 12, which represents 
the head of a mast fitted with a lipped ferrule to take the rigging and give protection from the weather. 

Internal reinforcements are fitted at the deck level, mast bands, and elsewhere where considered 
necessary, in the form of a solid or sleeve depending on the stress exerted on the mast. 


MEASUREMENT TERMS. 
A balk is a log rough squared. 


A plank is 11 ins. x 2 ins. to 6 ins. thick. 

A deal is 9 ins. in width and not more than 4 ins. thick. 

A batten is not more than 7 ins. in width. 

A square is 100 ft. superficial. 

A hundred of deals is 120. 

A load is 50 cubic feet of squared timber, or 40 cubic feet of unhewn timber, or 600 
superficial feet of inch planking. 

Many kinds of wood are sold by special measure, ¢./. teak is sold by the load of 50 cubic feet, 
wainscot oak logs (cut on the quarter) are sold by calliper measure, birch ‘by siring measure, 1.¢., actual 
girth, pine and spruce deals by the St. Petersburg Standard, which contains 165 cubic feet or 720 lin. 
feet of planks 11 ins. x 3 ins., and mahogany by Broker's measure, i.e., an allowance of a hand’s 
preadth in every yard to the buyer for conyersion. 


In bringing the subject to a conclusion, the writer wishes to acknowledge the assistance of many 
friends and colleagues, who have obtained, so willingly, information relating to locally-grown timber. 
Their co-operation has made the preparation of this paper a pleasure. ‘The following are mentioned 
by name :— 

Tur Hiau ComMissioNeRS FOR CANADA AND SourH AFRICA, 
THe CrowN AGENTS FOR THE COLONIES, 

Dr. S. BE. Cuanpier and Mr. Percy Harris, of the Imperial Institute, London ; 
Mr. Rauru 8. Pearson, Director of Forest Products Research ; 
Mr. H. Jasper Cox, of Kobe, Japan ; 

Mr. A. C. Heron, of Sydney, Australia ; 

Mr. D. K. Buarr, of Wellington, New Zealand ; 

Mr. H. BE. Inmay, of Rio-de-Janeiro ; 

Mr. C. B. Newson, of Manila, Philippine Tslands ; 

QGaprarm R. P. Taytor, of Rangoon ; 

The late Mr. J. H. Yares, of Portland, Oregon ; 

Mr. W. BENNETT, B.Sc., of New York City, U.S.A. ; 

Mr. James ©. DyKus, of Danzig ; 

Mr. J. Hovsroy, Bombay, India, and 

Mr. C. H. Fownrne, of Barcelona, Spain. 
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Fig. 1. A.—Pith. B.—Medullary Sheath. C,—Heartwood. D.—Annual Rings, 
E,—Cambium. F,—Sapwood, G,—Medullary Rays. H.—Bark. 
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Disposition of Timbers in Sailing Ketch “Bee.” 
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DISCUSSION ON MR. E. W. BLOCKSIDGE’S PAPER ON 


A keel Be, De Sm KD a — 


THEIR CHARACTERISTICS, PREPARATION AND USE 
IN SHIPS, YACHTS AND BOATS. 


Mr. 8. T. BrypDEn. 


Shakespeare, writing in the “ Merchant of Venice,” said “Ships are but boards,” but Shakespeare 
had not the advantage of being able to read Mr. Blocksidge’s paper, or he would not have spoken so 
contemptuously of boards.” 

So far as shipbuilding is concerned, Mr. Blocksidge is perhaps inclined to over-emphasize the danger 
of the world’s timber supply becoming exhausted. Other materials might easily replace wood for most 
of the purposes for which it is now used in this industry. Perhaps, however, after a few thousands of 
years have elapsed, wood in another form may once more become the chief raw material for shipbuilding, 
just as it has again come into its own—in the form of wood-pulp—as the principal ingredient in 
the paper-making industry. We read that in the 3rd century B.C. one of the Emperors of China used 
to read daily 120 lbs. of dispatches on bamboo ! 

Referring to the midship-section of the ‘ Bee,” it is seen that the outer planking consists of oak 
and elm, with the latter in its most efficient position, viz., below the light waterline. Would 
Mr. Blocksidge kindly inform us if elm is also the better timber for planking between the light and load 
waterlines ? 

In the section of the paper devoted to structure and growth, it is noted that as the tree grows older 
its newly-formed annual rings become closer to each other. Does this indicate that the annual volume 
of growth is practically constant throughout the life of the tree ? 

In addition to bamboo would the author kindly name any other well-known trees which are of the 
endogenous type ? 

Trees appear to have a very poor time, both before and after felling, through the depredations of 
insects and reptiles. With regard to marine-borers, is it known if any of these are actually hatched-out 
in the timber from eggs laid in the borings of their predecessors ? 

The white ant is not so formidable as some other pests, as it gives ample visible evidence of its 
attacks. Being itself of a very succulent nature, it attacks the surface of timber in the Tropics under 
the protection of a tunnel of sand (constructed by the white ant itself) for fear of attack by other species 
of ants of a hardier and carnivorous nature. 

Has artificial seasoning been in use sufficiently long to prove its enduring value? One wonders if 
| the ‘ Bee” would have seen such long service if her timbers had been seasoned by a nature-hustling 
| process. Would Mr. Blocksidge kindly state the effect of steaming planks on their strength ? 
| In the first paragraph of the section dealing with strength, the author expresses uncertainty as to 

the reason for the absence of reliable data regarding the strength of timber. This is probably answered 

by his third paragraph, viz., that there is such a wide variation of test results from the same specie of 

timber. Timber is not an isotropic material, and its strength must depend partly on its age, the spacing 

of its annual rings, the size of its cells, and on the portion of the tree from which the specimen has 
| been cut. 

In the Table there would appear to be a great difference in the “ Fibre stress at the elastic limit ” 
between timbers of British and American origin, although their moduli of rupture are not dissimilar. 
This is particularly noticeable in the case of ash, beech, birch and sycamore, where the Trans-Atlantic 
types stand up to approximately twice the stress given for the home-grown varieties. 

It is noted that no information is given as to the shearing stress across the grain of the material 
in the tabulated strengths of the various timbers. This would appear to be an important factor in 
considering the strength of beams. 
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Dr. B. C. Laws. 


The subject of this paper is of special interest to members of the staff who have to deal directly 
with wood vessels. 

The author has not spared himself in his search amongst the various published works, and in other 
directions, for information, and I am sure the best thanks of this Association is due to him for the labour 
he has expended in the preparation of the paper. 

Of recent years, and especially since the Great War, interest in this subject has grown, and various 
individuals seem to have been looking into the question of the general usefulness of timber either from 
an academic or a commercial point of view. 

In common with all products of nature, timber is liable to decay, and a great deal of energy has been 
expended in an endeavour to determine how the life of the material may be preserved and its essential 
properties maintained. 

It is ps a in the light of knowledge as to the great age which has been reached by ships and 
yachts, and indeed by land structures, too, built of wood seemingly without special treatment save that of 
natural seasoning, whether artificial seasoning or treatment, applied with a view to improving the 
durability and characteristics of the material, is really beneficial. 

1 recently became acquainted with a small vessel, still going strong, containing most of the original 
material—Scotch larch—with which she was built some 120 years ago. The author quotes the sailing 
ship “Bee,” which until recently did good service for 126 years, and contained to the end a large 
portion of the original material. 

Many such cases may be cited of the longevity of wood vessels constructed apparently without 
resort to artificial treatment, and one is led to consider whether with all the artifices of recent years 
many records will be established to even approach those cited above. 

In commenting on this subject the author—page 6—says that ‘it appears better results are 
obtained from artificially seasoned timber than is possible with natural seasoning,” and that “this 
statement is based on the opinion of experts from experience gained since the year 1914.” 

How such a conclusion can be arrived at from an experience of thirteen years it is difficult to 
imagine. The author cites air-craft, built of artificially dried timber, as an example when strength is 
of primary consideration. Whether this really has any foundation in fact is questionable for two 
reasons—(1) that sufficient time may not have elapsed for a conclusive opinion to be formed, (2) that 
disasters to air-craft have been so numerous that one might be led to suspect the inadequacy of the 
processes adopted in the treatment of the material used in construction. 

In commenting on the “decay” of timber—page 3—the author states that “the early stage is 
aeery to observe, and that the invading forces (of decay) may be present although undiscernible to the 
naked eye.” 

I aie believe that this may be so. Such a condition must be a matter of great concern to all 
who are shouldered with the responsibility of examining wooden structures. The matter needs very 
careful consideration in those cases where faultiness in timber is exhibited subsequent to an examination. 

The author does well to bring this matter forward not only on account of the possibility of blame 
being wrongly placed where material has failed, but to emphasise the necessity of making a thorough 
examination where timber is proposed to be used in construction. 

The value of the paper would have been enhanced had the author curtailed the descriptive or 
historical part, and devoted more space to the technical aspect of the subject—the latter after all is what 
really concerns us, as a technical body of surveyors. 

Under the heading “strength,” the author refers to wide variations ranging from 25% in softwood 
to 50% in hardwood of the same specie. I would like to ask to what “basis of strength” he refers ? 
From what follows in the paper there appears to be several ways of comparing “strength,” as e.g., by 
deflexion, stress under direct load, brittleness, etc., etc., but it might be observed that the variations 
under these several heads are by no means uniform for the same kind of wood. 

Will the author also say what is the percentage value of moisture content in timber at the “ fibre 
saturation point ?” 

The author says that factors of safety are necessarily higher in wood than for steel and gives 
suggested values. These figures do not appear to be inordinate, but indeed compares favourably with 
similar values for steel. 
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The real facts are that the ultimate strength of wood is much less than that of steel, but I do not 
think the safety factors need be widely different where the properties of the particular material are known. 

I have only one other comment to make, it refers to the particulars given in the Table, pages 12-17. 
The Table contains a lot of information which, I hope, may be useful for reference. 

Of recent years the Committee of Lloyd’s Register have had to go very carefully into the question 
of timber, and, from time to time, experiments have been carried out with care under standard 
conditions to determine certain characteristics of woods proposed to be used in the construction of yachts 
and ships. I have taken a few instances indiscriminately and the leading figures are given below :— 

Batsa Woop. 6 to 10 lbs. weight per cubic foot. 


Rock Exm. Elastic modulus 570 tons per square inch. 

ArricAN Trak. 454 lbs. weight per cubic foot ; elastic modulus 870 tons per square inch. 
PrROBA. 51 lbs. per cubic foot ; elastic modulus 913 tons. 

SABICU. 71 lbs. per cubic foot—as published. 


Iranian Exum. 85 lbs. per cubic foot, modulus of rupture 5°6 tons, compressive stress 2°87 tons. 

The above particulars differ from those given in the Table, except in the case of Peroba. 

If the particulars given in the table were determined under similar conditions, the table would be 
useful for comparative purposes; but it would seem that the figures could not be taken invariably as 
absolute values. 

Perhaps this is to be expected in the case of a material so variable as wood. Few published works 
agree amongst themselves. 

Variability in essential characteristics is, perhaps, more marked in the case of timber than in any 
other constructive material, and for this reason, where it is possible to do so—especially in the case of 
timbers which are little known—it is preferable to submit specimens to test before deciding on the 
suitability and scantlings of the material for any particular purpose. 


Mr. Pamir Harris. 


REMARKS ON STANDARD Metuops or Timber TESTING AS CARRIED OUT AT THE 
IMPERIAL INSTITUTE. 


I have been asked to make a statement in connection with the mechanical testing of timber. In 
view of the excellent description of the tests given by Mr. Blocksidge in his paper in the section devoted 
to strength, I feel that much that I shall say will be redundant, but propose to describe in condensed 
pas the standard methods of testing as employed by the principal Forest Products’ Laboratories of the 
World. 

The object of testing small clear specimens of timber is to obtain reliable data for the purposes of :— 

(a) Comparing the mechanical properties of various species. 

(0) Establishing correct strength functions which, in conjunction with results of tests of timbers in 
constructional sizes, afford the basis for fixing allowable stresses. 

(c) Determining the influence on the mechanical properties of such factors as density, locality of 
growth, position in cross-section, height of timber in the tree, change of properties with 
seasoning and change from sapwood to heartwood. 

An adequate supply of testing material is essential to obtain average strength values for a species, 
and it is generally accepted that the minimum of five representative trees of merchantable size and 
average age are necessary for this purpose. The material selected from these consists of the entire 
merchantable bole of one tree cut into bolts 4 feet long, and a log, 13 feet long, cut from each of the 
remaining four trees. 

The mechanical tests, which are made on both green and air-dry material, are as follows :— 

Static Bending.—The specimens used in this test are 2 x 2 x 30 inches, they are tested with 
central loading over a span of 28 inches, and for the sake of uniformity the specimens are always placed 
in the machine heart side up. The loading head descends on the centre of the beam at the rate of 0°105 
inch per minute, and deflection readings, correct to 0°005 inch, are made for equal increments of load 
without stopping the machine and until the specimen has failed completely. From these data, stress- 
strain curves are plotted and the fibre stress at the limit of proportionality, modulus of rupture, 
modulus of elasticity and work to the limit of proportionality and maximum load are calculated. 
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Impact Bending.—Tests in impact bending are made on specimens of the same size as those used 
for static bending, placed in a machine in a similar manner. The load is applied by a freely falling 
weight, which strikes the test piece at mid-span, an automatic scribing device records the deflection of 
the beam for each blow until failure occurs. Stress-strain curves are plotted from the data obtained, 
and fibre stress at the limit of proportionality, modulus of elasticity and work to the limit of 
proportionality are determined. 

Compression parallel to the grain.—Specimens 2 x 2 x 8 inches are tested under axial loading 
and deformation is read over a centrally located gauge length of 6 ins. The load is applied at a constant 
speed, sufficient to cause a strain of 0°024 inch per minute in the length of the specimen, and compression 
readings, correct to one ten thousandth of an inch, are made for equal increments of load without 
stopping the machine. A spherical loading head is used in the testing machines to avoid the danger of 
eccentric loading due to faulty manufacture. From these data stress-strain curves are plotted and the 
fibre stress at the limit of proportionality, maximum crushing strength and modulus of elasticity are 
calculated. 

Compression perpendicular to the grain.—Test pieces 2 x 2 x 6 inches are used in this test. 
They are placed in the testing machine with the edge grain upwards. The loading head of the machine 
travels at the same rate as in the compression parallel to the grain test, and the load is transmitted to the 
wood through a rectangular iron plate, 2 inches wide, which lies across the middle of the test piece. 
Compression readings are taken, correct to one two-thousandth of an inch, for equal increments of load 
until the specimen has been compressed to one-tenth of an inch. Stress-strain curves are plotted and 
the fibre stress at the limit of proportionality is obtained. 

Hardness.—Specimens for the hardness test are 2 x 2 x 6 inches. The test is made by imbedding 
a steel ball 0:444 inch in diameter to a depth of 0°222 inch in the wood. The machine is run at such a 
speed that the ball enters the wood at the rate of 0°25 inch per minute, and one impression is made on each 
end of the specimen, two on the radial surface, and two on the tangential surface. The total load 
required to make each impression is recorded as a measure of the hardness of the wood. 

Shearing parallel to the grain.—The shearing parallel to the grain test is made on a specimen 
2 x 2 x 24 inches, having on one side a 2 x 2 inch lug projecting {of an inch. ‘This lug is sheared 
off along the grain of the wood by a special tool which operates at the rate of 0-015 inch per minute, and 
the total load required to shear off this lug is recorded. 

Cleavage.—This test provides a measure of the resistance of the wood against splitting. A block 
2 x 2 x 84 inches is cut across at one end by a circular groove 1 inch in diameter, leaving a net splitting 
length of 3 inches. Grips, inserted into this groove, draw the specimen apart at the rate of 0.25 inch 
per minute till it splits. The load at failure is observed and the splitting strength per inch of width of 
specimen calculated. 

Tension perpendicular to the grain.— This test is similar in character to the cleavage test. 
A block 2 x 2 x 24 inches is cut across both ends by circular grooves, leaving a net breaking area 2 x 1 
inches. Grips, inserted in the grooves, draw the specimen apart at the rate of 0°25 inch per minute till 
it splits. The load at failure is observed and the tensile strength perpendicular to the grain is calculated. 

In the case of the last three tests, determinations of strength are made on both radial and tangential 
planes of failure. 

The moisture content of all mechanical test specimens is determined, moisture discs are cut from 
each specimen immediately after testing and weighed before and after drying at 100°C. 

Physical tests are also included, which comprise the measurement of shrinkage, specific gravity, 
rings per inch, percentage summerwood and percentage sapwood. 


Mr. S. TowNsHEND. 


On page 11 the author says that “the tensile strength is about three times as great as the compressive 
strength,’ but on page 9 the factors of safety for compression and tension are given as 4 and 10 
respectively. I should be glad if the author could give an explanation of this apparent discrepancy, as it 
is generally considered that timber in compression is much stronger than in tension. 

On page 4 the author, referring to congenial situations for the propagation of dry rot, says “the 
evidence is often unnoticed on the surface of timber where the trouble is least expected.” This sentence is 
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not clear to me. Does Mr. Blocksidge mean that the evidence of dry rot is undetected because it is least 
expected at such and such a place ? 

As planks cut on the quarter are less likely to warp when cut as shownin Figs. 8 and 4 in the paper, 
I presume these planks may be considered as being cut radially. 'The word tangentially should therefore, 
I believe, be substituted for radially in the first line of the last paragraph of the section “ Structure and 
Growth.” 

In conclusion, I desire to express my keen appreciation of the useful paper Mr. Blocksidge has given 
us, and to congratulate him upon the manner in which he has presented the subject, particularly in 
keeping clear of memory-racking technicalities and terminologies. 


Mr. 8. F. Dorey. 


I should like to join in congratulating Mr. Blocksidge for his excellent paper, as I am sure it would 
not be possible to find anywhere so much information relating to timber collected together in such a 
concise manner, 

It is noted that the author has given the average values for the strength of timbers, and, when one 
considers the various irregularities encountered in the same class of wood, average values afford the 
best. guide. 

It is not proposed to offer any criticism on the paper, but it is thought some remarks on the fatigue 
properties of wood might be of interest, especially as the author has not included any information of this 
nature in his paper. 

Instances of timber being subjected to repeated stresses are found in bridges, telegraph poles, decks 
and bottoms of wood vessels, wooden floors supporting running machinery, and particularly in certain 
parts of aeroplane structures. With a view to finding the effect of vibration on certain structures in 
aeroplanes a series of 126 tests were carried out at the Forest Products Laboratory at Madison, Wis. The 
value the constants used in the ordinary formule for a vibrating beam and cantilever were found to be, 
for all practical purposes, the same. 

The fatigue experiments were carried out on a machine of the rotating beam type and 45 specimens 
each of kiln dried Sitka spruce, kiln dried Douglas fir, and green southern white oak were tested. Five 
specimens of each species were tested in static bending. 

The fatigue tests in all cases were carried out at least to 300,000 cycles, but it is doubtful whether, 
at this number of cycles, the real fatigue limit was attained. 

It was possible, however, to estimate the fatigue limit by extending the plotted results. 

The results are given below :— 


U.S. Forrest Propucts Lasoratrory TEsts. 


| 
Pe Static Modulus of | Estimated Ratio of Fatigue 
Kind of Wood. Moisture peak Rupture, lbs. per | Endurance Limit, | Limit to Modulus 
Percent square inch. __|lbs. per square inch. of Rupture. 
| . . . | r eins 
Sitka Spruce, kiln dried... 13°8 12,100 8,200 27 
: . o Above fibre ab: é 
Southern White Oak, green... saturation point 10,600 3,200 30 
| jae } 
Douglas Fir, kiln dried vi 14°3 15,000 4,000 27 
| Douglas Fir ... ve ae 23°8 12,800 3,900 31 
| 
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From these results it would appear that the fatigue limit is in the neighbourhood of 0°25 of the 
static modulus of rupture. 

Tests on spruce wood used for eeroplane wing spars have also been carried out by Dr. Stanton at the 
National Physical Laboratory. The ultimate tensile strength of the material was 6,800 lbs. per square 
inch and after 6 x 10° reversals at a stress of + 2,500 lbs. square inch cracks were observed, fracture 
occurring after 16°86 x 10° cycles. With a stress of + 1,970 lbs. per square inch cracks developed after 
16°26 x 10° cycles and failure occurred after 16°86 x 10°cycles. When tested at a stress of + 1,625 lbs. 
per square inch, no cracks were visible after 125°7 x 10° cycles. The fatigue limit for this material would 
appear to be about 0°25 of the ultimate tensile strength. 


Mr. D. GEMMELL. 


In reading an article on timber by an American author, I noticed, in referring to resin, he states 
that the resin content varies considerably between the top end and the butt end of a tree, so that the 
timber cut from one tree will have various grades in quality. It may all show the required percentage of 
heartwood, but the resistance to decay will differ in proportion to the resin contents where the lumber 
is subjected to dampness. 

The author quotes some interesting observations made by an American authority (Mr. Hoxie) on 
timber with reference to resin content. He says :— 


“The limiting amount of resin, just sufficient to stop the growth of fungus, is in the neigh- 
bourhood of 3 per cent. The limiting power of resin is undoubtedly not absolute, but varies with 
the variety of fungus and time of exposure. It is, therefore, safe to assume that a mill beam should 
have 4 to 5 per cent. of resin throughout to successfully withstand fungus by its own power of 
resistance under ordinary conditions of dampness.” 


As Mr. Blocksidge has not mentioned this part that resin is said to play in preventing the develop- 
ment of fungi, I should like to know if any of the recent reports on investigations of the causes of decay 
in wood have referred to this property. 

If it has been established that a definite percentage of resin in wood minimises decay, care should 
be taken to have specially selected timber approximating these conditions for use in places known to 
create rapid decay—such as limber hatches and the casings for brine leads. 

Under the heading ‘‘ Timber Used for Refrigerated Holds,” the author refers to the frequent decay 
of timber hatches where the timber is exposed to the atmosphere of the bilges. Much might be done to 
keep this decay down by providing means for the ventilation of the bilges; but this in some cases would 
be a difficult problem. In any case the limber hatches should be removed and left off, bottom upwards, 
whenever possible. 

At the top of page 3 the author says that the strength of timber depends on the thickness of the 
walls of the cells. This, I take it, refers to the tenacity of wood when strained along the grain; but the 
tenacity when strained across the grain would, I think, depend on the adhesion of the sides of the cells to 
each other. The tenacity along the grain is considerably more than across the grain. 

The author has given us a fund of information on the subject of timber; but there is one point he 
seems to have omitted which would have been of interest, and, I think, of importance also—that is, the 
ages of maturity. 

In view of the fact that the age of a tree can be approximately determined by its annual rings, it 
appears to me that this should be one of the important observations made during the inspection of a log, 
in order to determine whether the age of maturity of the tree has been attained before felling, The 
ages of maturity for different kinds of trees would require to be known to do this. 

An old reference by Tredgold gives :— 

Age of Maturity. 


Years. 
Oak Je “és oF 3 Po ... 60 to 200 
Ash, elm, larch ... whe eid a ..- 50 to 100 
Fir nae Cae .. 70 to 100 


If the age of maturity has been exceeded, the centre of the tree becomes either brittle or soft. 
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Mr. W. Wart. 


We have had a number of papers on wood and wood-ship and yacht building, and Mr. Blocksidge’s 
paper forms an additional chapter on this interesting subject. The value of this paper can only be 
appreciated when it is explored from end to end, for every section is encyclopedic in its thoroughness. 
I can bear testimony to the perseverance and pertinacity of the author in ferreting out information from 
every available source in order to make his paper not only interesting, but reliable and complete. It will 
continue to be a work of reference, although wood shipbuilding is an industry with only “a past” ; fifty 
years ago it would have been a treasure. 

It has been suggested that the paper might have been more technical, but surely it is sufficient to 
give the physical properties of the material involved, as the application of these properties to the laws of 
mechanics is the same whether the material be metal or wood. 

The author has pointed out that large variations are bound to occur, depending on the nature of 
the grain, period and method of seasoning, depending even on hereditary environment. A twig carelessly 
plucked from a young sapling may be the cause of serious defects in the mature tree. A case of this sort 
was reported from the Renfrewshire Uplands, where red rot was kept under observation in an elm tree 
from the sapling stage to maturity. When the tree was cut down the decomposition was found to extend 
to the topmost branches. ‘The heart decay of many an English elm tree may be traced to early damage 
of this character, and a tree which is perfectly sound and undamaged in its bark for the first ten feet of 
its trunk can generally be relied on to produce good sound timber. But given the best of timber, there 
are still such variations in its physical properties (the author places these as high as 50%) as to make 
accurate forecast impossible, and large factors of safety must be adopted if a lasting structure is to be 

roduced, 
. I have always taken a keen interest in the subject of dry rot and timber decay. The author states 
that the term dry rot was first applied about the year 1810, but he is more than 100 years out in his 
date, for dry rot is mentioned in a report issued in 1695 dealing with the condition of St. Andrew’s Castle. 

It has been suggested that I should give some information regarding dry rot found in the timbers 
of the “ Discovery.” This information was given in the discussion of Mr. Shaw’s paper last year, but 
the sectional photographs of three of the “ Discovery’s” timbers reproduced in figures 1, 2 and 8, will show 
how the heart of a timber can be attacked without damaging the external surface. 

A curious experiment was made on an ash tree some years ago. When the trunk was about ten 
feet high an incision was made through the trunk and a large twig of the tree was passed through the 
incision without separating it from the parent stem. In course of time the twig became the main stem 
and gave perfectly sound timber, while the original stem above the incision was impregnated with red rot. 

The author states that wood containing not more than 10 per cent of moisture will not decay. That 
is only part of the truth, for, if an outer layer contains 10 per cent of moisture, decay can take place even 
if the heart timber is bone dry. I have taken a piece of well seasoned oak, dried it for several days in 
an oven, then merely dipped it in water and placed it in suitable surroundings with the spores of dry rot, 
and in three months the surface particles could be rubbed off like powder. 

Fig. 4 represents a piece of oak, originally 12 in. x 4in. x 4in. This piece was varnished on 
two sides, then placed in contact with dry rot spores in a darkened jar in which was a quantity of water 
kept clear of the wood. The temperature was maintained at from 80° to 100° F. The circulation of 
air was restricted and there was very little evaporation, although the contents of the jar were always 
moist—ideal conditions for the propagation of dry rot. At the end of six months the two unprotected 
sides were badly decayed while the varnished sides were entirely unaffected. 

In another sample a hole was drilled through the wood and, in a similar period, the heart of the 
timber was similarly perished. The temperature in each case was never less than about 80° F., and the 
external atmosphere was close and moist. Samples of the same wood exposed to the fumes of ammonia for 
ten days before the dry rot experiment were found to be perfectly sound after six months. 

Complete impregnation appears to be the only preventive where conditions generally are conducive 
to dry rot. 

The author states on page 3 that deck planking should be laid with the grain as shewn in Fig. 7, 
and not as represented in Fig. 6, to prevent the surface from “flaking.” Now, in my opinion, 
Fig. 6 is better than Fig. 7, but I consider that both are wrong, and the planks should be turned 
through 90°. 

That the author agrees with this latter opinion is shown by his sketch of ship’s section Fig. 19. 
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Mr. G. R. Enaar. 


This paper, though dealing with a subject which is perhaps not so prominent now as formerly, is 
full of interest, and not alone for what it contains, but also for the glimpses it gives of allied matters. 


One of these is the work of the Forestry Commission in Great Britain, which, if as yet only of 
relatively small dimensions, forms one of the most promising and beneficial of the activities of any 
Government since the War. How its labours will affect the dependence of Great Britain on foreign 
timber supplies remains to be seen, but the presence of acres of waste lands running into millions does 
not seem a proper accompaniment to the spending of millions of pounds annually on foreign timber, 
much of which could be grown on the aforesaid waste land. It is understood that during the latter part 
of the War, when timber could not be had from the Baltic, that the South Wales coal mines received 
their supply of pit props—at a suitable price, of course—from timber grown in the Landes district in 
France, south of Bordeaux, on ground which only a comparatively short time before was mainly sand dunes. 
The quality of the home. grown timber can not really be questioned, though there is, of course, the 
matter of marketing and grading, which requires attention. 


On page 2, the author refers to regulations relating to deck cargoes. Would he mind stating to 
what regulations he refers, and does he mean that the differentiation made between soft and hard woods 
is actually on a density basis, or that he considers it ought to be ? 


I should be glad if Mr. Blocksidge would explain his references to the conversion of timber. He 
apparently states that Fig. 3 and Fig. 4 both represent sawing the log “on the quarter.” Surely Fig. 4 
roduces planks which must be in formation and appearance more akin to those in Fig. 2 than those in 
ig. 8, and therefore it is not understood how Figs. 3 and 4 can both represent sawing on the quarter and 
Fig. 2 not. And what exactly is meant by planks sawn “ radially from the log.” It could ts thought 
that Fig. 8 would have represented this, but apparently from the first sentence of the last paragraph on 
Structure Growth, this is not meant, but Fig. 2 is indicated. As for this latter, “sawn radially from the 
log” would hardly seem to be the correct description. 


With regard to the laying of deck planking, would not Fig. 7 be inclined to result in flaking, 
particularly to the left side, while Fig. 6 would almost appear to be exempt, at any rate until 
considerably worn. 

On the subject of seasoning, if a wood was oven dried, or say bone dried, and then put into use in 
a moisture laden atmosphere, would it not to some measure absorb moisture again, and, if so, what is the 
use of drying it beyond a certain point? What percentage by weight of moisture is left usually in 
artificially seasoned timber ? 

Could the author state approximately what percentage increase in cost is caused by having the 
timber impregnated under pressure with creosote. te there such a thing as a portable plant for this, or 
must the timber always be sent to the creosoting works ? 


Reference is made to a “ pricker.” 1s some special tool meant by this, or does it mean an ordinary 
bradawl. 


In the matter of sapwood, the quantity present is apparently defined by American Lumber Societies. 
Would the author mind stating how this is done, that is, by use of what units. 


The author deplores the lack of information regarding strength of timber, but it is only fair to say 
that whatever may be true of Great Britain it is not true of India, and the bulletins published by the 
Forestry Institution at Dehra Dun leave little to be desired. It is noted that some experts have been 
bold enough to state factors of safety, but without some knowledge of their methods of estimation of 
stress these factors are practically useless. On the assumption that they have correctly estimated the 
stress, why is a factor often necessary ? If they have not correctly estimated the stress, how is anybody 
to know how near they have got, if it is not known how near to correctness they have got how can their 
factors of safety be used. The factors relate to bone dry timber, but does such a timber exist in service ? 
It is stated that the increase of moisture content reduces the strength of the timber, but unless this can in 
some way be measured or alternatively is of comparatively no importance, it is not seen how these factors 
can be of any use. If I may ask another question, will the author say if the wood of the spruce of 
Great Britain is known as Baltic whitewood. 


In conclusion, may I assure the author of the interest which his paper has afforded. 
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Mr. W. BENNETT. 


After reading Mr. Blocksidge’s informative Paper on “ Timbers,” I wish to add my appreciation for 
the very complete manner in which he has dealt with this important, yet all too little discussed, subject in 
this modern “ steel age.” 

The various sections of the Paper have been so carefully and comprehensively compiled, that little 
is left for discussion. 

On pages 5 and 6, the author deals with the seasoning of timber, and expresses the opinion that 
artificial (or kiln-dried) is preferable to natural seasoning. This seems, on first thought, to be open to 
question, but on reflection it will, I think, be recognised that moisture removal is under better supervision 
in the artificial method than in the other. Since the purpose of seasoning is to reduce the moisture to a 
certain percentage-content, dependent on the use to which the wood is intended to be put, this can be 
done more accurately by artificial means. Moisture or sap is to be found in both the heartwood and the 
sapwood, particularly the latter. The method of determining moisture content is simple. The selected 
piece is first weighed, then placed in a drying oven at a temperature of 212° F., until the weight becomes 
constant. This takes about twelve to twenty-four hours. The difference in weight divided by the latter 
weight by 100 gives the percentage moisture-content. Improper control in the process of artificial 
seasoning, however, produces various defects such as—case-hardening, honey-combing, warping, twisting, 
loosening of knots, and undue checking. 

As regards the physical properties of Timbers mentioned on pages 9 to 11, as a matter of interest, 
I have checked the formule given in the Paper with those compiled by the United States Department 
of Agriculture (Forestry Service) and find they agree in all essential respects. In using such formule, 
however, one must remember the conditions underlying their compilation. Naturally the test pieces 
used are of comparatively small section, and are not quite similar in all respects to the timber ordinarily 
used in constructional work. The size of the fibres, checks, etc., in large and small sections of wood, 
introduces a dissimilarity that is able to affect the results of one as compared with the other. 

The specific gravity in pounds per cubic inch equals :-— 

Weight of Specimen x 27:7 
14+% (Moisture 
100 

In the Tables given on pages 12 to 17, the moisture in the specimens is not stated under the 
respective weights. This is usually specified at a standard 12% moisture content, which is about an 
average found in ordinary air-dry material. 

The list of woods given on the pages mentioned are fairly representative, although there are some 
woods frequently used in yacht construction and ship fittings which are not mentioned. Then, as for 
example, under * Ash” is given only one variety, although there are seven different and distinct species 
of Ash quoted by the United States Forestry Service in their official booklets. 

Under “ Douglas Fir,” which is probably the best known wood used on the West Coast of the 
United States, the variety given evidently is intended to represent the coast type, whereas the 
mountain type of Douglas Fir is in more demand and is considered superior to the other. 


Our thanks are due to Mr. Blocksidge for the pains he has taken in the preparation of this valuable 
treatise. 


) x Volume (cub. in.) 


BY THE AUTHOR. 


It has been somewhat disappointing to find that very few contributions to the discussion on this 
paper have been sent to the Secretary of the Association from the outports. The subject is a practical 
one, and the author has endeavoured to treat it from that point of view, and to bring together information 
that will be of some assistance to a Surveyor in his every-day experience. 

Mr. Gemmell is interested in the use of timber as it affects the general question of refrigeration, 
and in his contribution to the discussion has given an interesting aspect of the subject which the author 
has been unable to embody within the limits of the paper. ‘The value of resin as a weather and fungus 
resisting constituent is well known, and thus makes, e.g., pitch pine of more value than the ordinary 
white pine for ship work. 
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It would be necessary to prepare another paper to deal adequately with the question of maturity. 
Every specie of timber has its own period of growth, and the district in which the tree grows exercises 
a direct influence on the time of maturity. The various lumber societies, situated in different districts, 
issue their own specification for all species of timber, which includes a reference to maturity and the 
number of annual rings to the inch. The number of rings and their distance apart must be taken jointly 
into consideration before coming to a decision as to the proper age of maturity. 

The question of fatigue of timber when subjected to repeated stresses is one which has received 
serious consideration in Canada and the United States of America as it affects bridge construction, and 
has been—and is at present—a problem of investigation with the eroplane experts at the Government 
laboratories, so that Mr. Dorey’s extensive study in this subject is very helpful, and his contribution 
directs our attention to the results of recent tests. 

The relative merits of natural and accelerated seasoning is a very debatable subject, and I am 
pleased that Mr. Bennett, of New York City, agrees with the author in his contention that artificial 
seasoning is the better of the two. This is the view shared by most practical men as it affects general 
constructional work. The paper deals with timber in its relation to ships, and the modern methods of 
seasoning haye not been in operation long enough to allow one to pronounce judgment on their merits 
as seen in a ship, say, 30 years old. As to the enduring value of artificially seasoned timber the 
author can only say that the present results appear to give a favourable impression for its general 
adoption. Time and further experience will enlighten us and give the correct solution to the subject 
spay by Dr. Laws, Mr. Bryden and other members. In answer to their questions I can only say, “ Wait 
and see. 

Mr. Bennett refers to the number of species of ash grown in the United States of America. Detailed 
reference to the qualities of this timber is not given in the paper beyond the reference on page 18, as the 
author has a personal antipathy to the general use of this wood and would limit it to the particular 
purposes stated. Further experience may prove the author’s judgment to be wrong. Ash is an excellent 
wood for special fittings, is tough and elastic, but does not stand the weather like oak. 

Mr. Bryden asks the question as to the best timber for use in planking “between wind and water,” 
and, in reply, the author refers him to the section of the “ Bee” in Fig. 19, which shows oak fitted in 
this position, and which is, I suggest, the best arrangement. 

With the great majority of trees, particularly those growing in open situations, as they become 
larger in diameter the width of the annual rings decreases. The growth, when the tree is young, is rapid, 
and consequently, the rings are wide apart, but as the tree matures the amount of new wood produced 
in comparison is less and the rings become narrower. As already explained in the paper the later growth 
is softer and weaker than the heartwood, which has become harder with each succeeding layer. 
Generally speaking, timber which is grown quickly is weaker than that grown under normal conditions. 

The species of endogenous trees or plants are numerous, but very limited for structural use, the only 
important one, in addition to the bamboo, which might be mentioned is the palm. This tree in some 
districts, grows to a height of 200 feet and is used for piles and wharf construction. 

Mr. Bryden has drawn attention to the difference in the values of fibre stress at the elastic limit 
between the American and British records. The explanation given to me by experts in our own 
laboratories is that this variation is due to the method of plotting the test results. It is usual to use 
the maximum crushing strength in preference to the fibre stress at elastic limit, as it is easier to obtain 
and certainly less variable. 

Results from tests of shearing stress across the grain are very useful for ship and yacht building, 
but are difficult to obtain, and the values obtained by the author were not sufficient in number to be 
recorded with any degree of accuracy in the tabulated results. 

Mr. Stanley Townshend raises a number of points regarding the strength of timber. The tensile 
strength of wood varies from two to four times the compressive strength ; with pine the ratio is 2°2, and 
with elm 3:8. When a symmetrical beam is under a transverse bending stress the neutral axis will 
remain at the centre until the elastic limit is reached, when it will gradually move nearer the convex and 
away from the concave surface, because the sum of the compressive stresses on the concave portion must 
equal the sum of the tensile stresses on the concave portion. 

A tensile stress brings the fibre walls closer together, but a compressive stress tends to bend or 
cripple the wall thickness. Weight and density give to some extent a measure of the strength of timber, 
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but more so under compression tests; for density is a poor criterion of tensile strength. Perhaps 
Mr. Gemmell will also note the foregoing remarks. 

a with regard to the query of the factors of safety raised by Mr. Townshend and one or two other 
members. 

Tests are made on perfect samples of timber. If there is the slightest cross or spiral grain the 
strength of timber is considerably reduced. Steel and wood are not comparable for relative strength 
values. It is, therefore, essential in practice to adopt factors of safety, and those given in the paper are 
suggested by an influential association of experts in bridge and building construction. As an example of 
what I am endeavouring to explain, may I be permitted to quote Baterden, the timber expert, viz. : 
“Wood shows its greatest strength in tension parallel to the grain, and it is very uncommon in practice 
for a specimen to be pulled in two lengthwise. This is due to the difficulty of making the end fastenings 
sheer off longitudinally. It is not the case with metals, and, as a result, they are used in almost all 
places where tensile strength is particularly needed, even though the remainder of the structure, such as 
sills, beams, joists, posts and flooring may be of wood. Thus, in a wooden truss bridge, the tension 
members are steel rods.” 

What the author meant to ‘convey regarding dry rot was that the mycelium is often unnoticed 
because hy appears in places least expected, although its presence actually appears on the surface if 
examined. 

Mr. Townshend is right in his reference to planks cut on the quarter, which means cut radially. 
Tangential means tangent or parallel to the annual rings in cross section, 7.¢., a tangential surface is 
one that is perpendicular to the radius of a tree. A radial surface is one extending from the centre of a 
tree to its circumference. The statement in the paper is not clear, but is misleading, and I trust the 
explanation will clear up the point which was also raised by Mr. Edgar. 

The reference to deck cargoes relates to the regulations issued by the Board of Trade for the 
guidance of their surveyors. The application of rules should be based on actual density and not on 
the botanical demarcation. Prominence was given to this question in the paper read by Mr. Jac. von 
Rosen, on “ Timber Deck Cargoes,” in February of last year. 

The system of timber conversion shown in Fig. 3 is the recognised “ quarter-sawn,” that in Fig. 4 is 
really a combination of the two methods shown in Figs. 2 and 8, the top and bottom planks being cut 
clear of the pith and small annual rings. 

The method of laying planks shown in Fig. 7 is to be preferred to Fig. 6; the flaking of the corners, 
as suggested by Mr. Edgar, is prevented partially by the caulking, and the upper surface is away from 
the pith of the tree which often comes away with wear. The author has seen the defect repeatedly in 
ships and one has only to inspect the floor boards of any building to see the evidence. I quite agree 
with Mr. Watt that the best method of laying deck planking is with the material having the annual 
rings at right angles to its surface, z.e., when the timber is cut on the quarter, or having what is called 
“rift grain” (not less than 45° from the vertical). Ordinary ship’s deck planking is not often cut by 
this method. 

The author read recently that it was found in testing beams cut on the quarter in Australia that the 
strength was 12% less than that of beams cut in the ordinary way. This statement conflicts with 
the evidence from other laboratories. 

It is quite true that dry timber will absorb moisture from the surrounding atmosphere, but the 
character of the moisture is different from the natural composition of the cell structure. Timber is 
usually protected before being placed in a moist atmosphere, and hence the necessity to extract all 
moisture before applying the process of surface protection. 

The best methods for accelerating seasoning extract about 95% of the moisture, but if a moisture 
content of from 7 to 10% is present no practical objection can be made. Air-dried material contains 
from 7 to 15% of moisture. Will Dr. Laws kindly note that the fibre saturation point varies with the 
particular specie of timber. The proportion of moisture, based on the dry weight of the timber, is from 
25 to 30%. 

Baltic whitewood is the spruce or white fir of Great Britain. 

The lumber societies regard the amount of sapwood in timber in relation to the various grades 
which number sometimes as many as six qualities, and to the particular specie of wood. No definite unit 
of measurement is observed, 
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The author is glad that Dr. Laws draws attention to the necessity of the adequate inspection of 
timber, but the best practical surveyors are often deceived when decay is present but hidden, and they 
would be the first to admit the possibility of an error of judgment. 

The descriptive portion was narrowed down to small limits and forms a mere introduction to the 
paper, which was prepared with the object of obtaining the latest information of a practical and 
technical nature from the various timber districts throughout the world. By the personal interest of 
our surveyors in foreign ports the author secured an introduction to the various laboratories. The 
tabulated test results have been obtained from the results of hundreds of conducted experiments in our 
Government laboratories in London, India, Australia, Canada, United States of America, Brazil, Jamaica 
and the Phillipines. The practical uses of every specie of timber mentioned and their application to 
ships and boats forms a large portion of the paper. It is, therefore, difficult to understand the 
reference to the absence of the technical in preference to the descriptive matter in the paper. 

Although accumulated information on the strength of timber is now at our disposal, it follows in 

ractice that it is just as necessary—and even more so—to test timber before use in important structures 
just as we test steel and other metals. Dr. Laws asks a question regarding the basis of strength. The 
following words of his contribution practically answers the question. The variations referred to cover 
the usual laboratory strength tests given in the order detailed in the paper. 

In reply to Nir. Edgar’s question the author wishes to state that he has no up-to-date information 
regarding the cost of impregnating timber with creosote. Portable plants for the purpose are in use. 

A pricker is a sharp-pointed piece of steel, circular in section, used for probing timber. 

Will Mr. Bryden please note that the eggs of the ¢eredo navalis are ejected from the borings to the 
open water and hatched outside the timber. 

If planks are steamed correctly their strength is not reduced, but the author’s experience in yacht 
and boat yards where the steaming plants are often very unsuitable and the oversight sometimes careless, 
suggests that the process is detrimental to the timber. 

The author’s thanks are due to Mr. Watt for amplifying that section of the paper dealing with the 
growth of trees and the interesting study of decay, particularly that relating to dry rot. Mr. Watt gives 
an interesting account of his own experience and investigations, and the addition of the photographs 
makes the contribution both interesting and helpful and was a very fitting conclusion to the evening’s 
discussion. 

The various questions asked by the members taking part in the discussion have led the author 
outside the intended scope of the paper, but he trusts that in the reply each member will find a straight- 
forward answer that will satisfy the difficulty. 

In conclusion, I am glad to express my thanks to Mr. Philip Harris, of the Imperial Institute 
Timber-testing Laboratory, for taking part in the discussion and bringing with him specimen test 
results. I am indebted to Messrs. Major & Co., of ‘* Solignum” fame, for the loan of timber affected by 
dry rot taken from one of the underground railway stations, for the piece of timber with dry rot under 
cultivation ; to Dr. Calman, of the National History Museum, for species of marine boring animals and 
samples of decayed and worm-eaten timber; and to the McGruer Hollow Spar Co., for the collection of 
specimens of hollow spars. 

Will members note that on page 10 of the paper under static bending, the size of test piece should 
be 80 ins. in length to agree with Fig. 13, and the last value of the numerators for E L and R at the 
bottom of the same page should be | (length) and not 2. 
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An exhaustive treatment of the question of Diesel Engine Design must necessarily embrace a wide 
range of kindred subjects covering a field too extensive for the scope of a paper. It is not proposed, 
therefore, to discuss the theoretical cycle or refer to thermodynamic principles, these subjects being fully 
dealt with in text books and elsewhere. Reference is made to what are considered the most important 
factors relating to the design of Diesel engines, omissions occuring only when the subjects do not permit 
of reasonably brief treatment. 


The following types of engines will be referred to hereafter as, 
48.C.8.A. for 4 stroke cycle single acting engines. 
AS OMDEAS 3h 40 3, af We COUDIEE ogy 3 
SISOS Ase fa 2s, » Single ,, Ae 
DEC DAS Geen & mr Tdduble., as 


In the first place consideration is given to the formulation of a basis for weight calculations as 
estimates are frequently required for engines having dimensions outside the range of available designs. 
Similarity of design may be referred to here on account of the bearing it has on the question of engine 
weights. 


SIMILAR ENGINES. 


A prime mover consisting of one or more units of equal dimensions working under similar conditions 
and developing power in proportion to the number of units so employed, is obviously suitable for the 
application of the principle of similitude. Diesel engines belong to this category and are said to be 
similar when they are of the same make and type, have the same stroke bore ratio and piston speed, and 
work on identical cycles. By using as a basis a well designed engine of proved reliability, which satisfies 
the foregoing conditions, and expressing the dimensions of the various parts, 7.¢., running gear, scantlings, 
&c., in terms of the factor determining the conditions of loading, this principle can be applied, within 
reasonable limits, in designing similar engines, and by the employment of like materials in the construc- 
tion of their corresponding parts, similar stresses and factors of safety can be obtained. Practical 
considerations, however, limit the application of this principle in the case of small units where the 
proportions of the structures are controlled by foundry requirements and the fastenings are made strong 
enough to stand handling in the workshop, and on service during overhauling. 


Taking the cylinder diameter (D) as the basis, the dimensions, &c., of the respective parts of similar 
engines should vary thus :—lineal dimensions as D, areas as D*, and weights as D*, though in practice 
this law is not strictly followed, as departures are made in selecting the nearest round figure to suit 
standards designed for a range of engines, 


WEIGHT OF ENGINES. 


Where the mean effective pressures are not uniform, and also where it is the practice to employ 
engines of the same size and weight for services demanding different normal outputs, it is unsatisfactory 
to estimate engine weights in terms of the power developed. 
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The following basis, resulting from an investigation of numerous cases, appears to indicate, fairly 
accurately, how the weights of Diesel engines vary, viz.:—D*’ for similar engines having the same 
number of cylinders; D'’ x S for dissimilar engines, but of the same make and type and having the 
same number of cylinders. For a constant size of cylinder the weights of multi-cylinder engines vary 
asn-+ 1. 

Where D is the cylinder diameter, 8 the stroke, n the number of cylinders, and the weight of the 
engine is the complete weight, which includes engine pipes and fittings. 

An example should make this clear. 


Particulars of Engine Particulars of Engine 
(weight known). (weight unknown). 

Type :—258.0.D.A. (Marine). Type :—258.C.D.A. (Marine). 
Number of Cylinders = 8 oa 5x = < = 6 
Diameter of Cylinders = 30" ~ : sen = 28" 
Stroke = DAN ss ee ae rit = 48" 
Bo i. Ps = 12,000 ve oe ee nb = 7,600 
Revolutions = 100 oa oan a se = 110 
Weight = 1,280 tons Weight required. 


atcayt leiea) diabetes 
WEIGHT = 1,280 x 30°? x bd * 8 +1 

By this method it is necessary to have the number and diameter of the cylinders and strokes of 
engines of a particular make and type, and the weight of one of these engines in order to determine the 
weights of the others. It will be observed that stress is laid on the discrimination of make as well as 
type, because engines which are similar except as regards make differ appreciably in weight. 

The following tables may be of interest. Tables No. 1 and 2, which are self-explanatory, give some 
idea of the distribution of machinery weights and may be taken as representing average rather than ideal 
practice. ‘The percentages shewn in Table No. 8 may vary slightly in different makes of engines. 


TABLE No. 1. 


. arene TS -Quad.Exp. | T Screw-4Cyl.Triple | T.Screw-Quad. Exp. | 
Type of Machinery. LO bolle | 20 baa | a Gy. Belles | 
Speed, Knots... as wee T: 12 20°5 15 | 
Working Pressure, lbs. per sq. in. —... 215 190 215 
BR. ESMiw ass eee eee ua eee 95 175 90 
Total B.H.P. (Mech. Effy.=92%) ... 8,870 5,520 7,360 
| 
B.H.P. per ton of Bare Engines ee 16°28 31°45 17°5 
B.H.P. per ton of E. Room Machinery... 9°8 2071 10°9 
B.H.P. per ton of B. Room Machinery... 9:2 13°2 9°3 
Weight of Water in Boilers ) 5 “ws 
7 : : 25 28 205 
Weight of Boiler Room Machinery | 
B.H.P. per ton of Total Machinery...) 4°75 7°98 5°05 
B.H.P. per ton of Total Machinery, ta | Wr ore 
including Water in Boilers .. =<] dle 6°63 #42 
| Independent | Independent Independent 
ema. a os Pa "Auxiliaries, = Auxiliaries. =| Auxiliaries. | 


Type of Machinery. 


Speed, Knots 

Mean Effective Pressure 
Bobs Mens 

Total B.H.P. 


B.H.P. per ton of Bare Engines 


Weight of Water and Oil in System 
Weight of Total Machinery 


B.H.P. per ton of Total Machinery 


B.H.P. per ton of Total Machinery. 
including Water and Oil in System ... 


Remarks... 
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TABLE No. 2. 


T.Screw-4 8.0.8 


PAS 


Diesel-CrossheadType. 


T.Screw-48.6.8.A. T.Screw-4 8.C.8.A. 
Diesel-CrossheadType.| Diesel-CrossheadT ype. 


13 


165 


| 0178 


342 


3°36 


Dependent 


Ibs. pe 
80 8q. ped 


ll 12 
80 satinch 80 sqcineh 
140 95 
2,200 4,000 
8°46 6°25 
019 “O19 
4°23 377 
4°15 37 
Dependent Dependent 


Air Compressors. 


Air Compressors. | Air Compressors. 


TABLE No. 3. 


MATERIALS USED IN THE CONSTRUCTION oF 48.C0.8S.A. Drusmn ENGINES. 


Type of Engine. 


Cast Iron 
Cast Steel 
Gun Metal 
Brass 
Forged Steel 
Bar Steel 


Miscellaneous 


For favourable conditions of working, the alignment of the bearings is of the greatest importance 
and this can only be obtained by the proper distribution of loading, so that the wear down is as uniform 
as possible throughout the engine, and consistent with a reasonable period of operation. 
of bearings should be proportional to the mean bearing load, as this factor, together with the rubbing 
velocity, governs the wear, and should not be based on the maximum load, provided this is not excessive 
compared with the mean and does not act sufficiently long to destroy the oil film between the rubbing 
surfaces. In marine practice rubbing speeds are fairly moderate and uniform on each type of bearing 


and may with safety be neglected. 


Crosshead. Trunk Piston. 
Per cent. Per cent. vf 

64°00 77°60 
4°50 3°00 

val “34 

03 06 
26°00 12°00 
2°30 5°00 
3°00 2°00 


Encine BEaRInGs. 


( 


The dimensions 
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Before proceeding to deal with the general question of bearings, the following factors, which influence 
the conditions of loading, require consideration. The bottom end of the cylinder of a 48.C.D.A. engine 
can be arranged to fire either 180° or 540° after the top end fires. With the first arrangement the to 
end of the cylinder is on the expansion stroke when compression is taking place in the bottom, the secon 
arrangement gives a reversal of this order. In practice either arrangement is considered suitable, while 
some multicylinder engines are designed to adopt both. 

When the pressures in both ends of the cylinder are the same at equal piston displacements, or in 
other words when the indicator cards are identical, the mean indicated pressures are equal. If, however, the 
pressures correspond at equal angular displacements of the crank, the mean indicated pressure in the bottom 
end of the cylinder is about 18 per cent. less than that in the top. This difference is due to the obliquity 
of the connecting rod, and in the case of the opposed piston engine, when the stroke is the same for 
both pistons, the work done by the upper piston is about 15 per cent. less than that done by the lower. 

The following curves of loads acting on the bearings, are plotted for engines having particulars as 
shown in Tables 4 and 5. For this purpose the working cycle for the bottom end of the cylinder of the 
48.C.D.A. engine is arranged to follow that of the top at 180° out of phase, and in both types of double 
acting engines the pressure ordinates for the bottoms are corrected to allow for the piston rod, thus 
bringing them on to a top piston area basis. 

The method employed to obtain the corrected load curve for the main bearings of a 28.C.D.A. 
engine is shown in Fig. No. 6. The procedure is substantially the same for all the bearings, and when 
applied to the different types of engines the results so found are shown in Figs. 7, 8,9, and 10. The 
guide reactions are calculated from the top end bearing resultant load curve, thus :—Guide reaction = 
P x tan B, where B is the angle between the centre line of the engine and that of the connecting rod 
for a ‘aD crank angle, and P is the top end bearing resultant load corresponding to this crank angle. 

The whipping of the connecting rod due to centrifugal force produces a reaction on the guides. 
This factor is neglected since the load is not great on account of the moderate revolutions obtaining in 
marine practice, and, further, its maximum value does not coincide with the maximum guide reaction 
arising from the gas load. 
TABLE No. 4. 


| 4 S.C, 258.0 
TYPE OF ENGINE. — 
S.A D.A. S.A DA 
Number of cylinders nat ce ae fee ne sc 8 8 8 8 | 
2 | 
Diameter of cylinders aes AE a ‘ee ve «| 380" 30” 30” 30” | 
Stroke 6 Cte as we 4 eo ea naan Upae 5a! 54" 54! 


Mean indicated pressure (both ends D.A. engines)—Ibs, per sq. inch | 100 100 100 100 


Reduction in area for piston rod ... Fae ve ie veh 119% _ 11% 
Revolutions per minute... sa ee Aa ee --- | 100 100 100 100 
I.H.P. per cylinder... is ah C ake =e we | 482 910 964 1820 
Maximum pressure in the cylinders—lbs. per sq. inch ... seule O00 500 500 500 
Weight of reciprocating niet per kates per ret a inch of oe | tbe. Ibs. Ibs. | Ibs. 
“piston area... 13 21 13 21 


Weight of revolving part of connecting rod per at inch of Be 
“piston areal. eee tee * ‘ . 4 8 4 8 


Weight of unbalanced part of one hacen unit on sq. inch of a 
piston area... ons 11 13°5 12 13°5 


Weight of crank unit between bearing centres per sq. inch of top 
piston area... soe eae ve | 28 30 26 | 80 


Top 
End. 


End. 


BEARING. 


Bott. 


Main. 


TABLE No. 5. 


Parts FOR CALCULATING INERTIA AND CENTRIFUGAL ForcEs. 


PURPOSE. | 


DESCRIPTION OF PARTS. 


| 


Weight of parts, lbs. per sq. in., 


of top piston area. 


48.0. 28.0, 
| 
S.A DA S.A. D.A. 
¢ Inertia Piston, piston rod, crosshead, slippers, | 
| cooling water pipesand waterin piston, | 9 13 9 13 
* Cent. Force ... ——— a) ee) 
| | | 
| 
Deadweight ...| Same as Inertia ; & fois 9 13 
| 
¢ Inertia -.| Same as for top end bearing + top half | 
| of connecting rod... ‘a ees |) Be 2 13 21 
| | 
4 Cent. Force .... Bottom half of connecting rod 4 | 8 4 8 
Deadweight ...| Same as for inertia and cent. force 17 | 29 17 29 
Inertia —_.../ Same as for bottom end bearing 18 | 21 13 21 
Cent. Force...) Same as for bottom end bearing + | 
‘| unbalanced part of one crank unit... 15 | 21°5| 16 21°5 
| 
| ( Deadweight .... Same as for bottom end bearing + weight 
of one crank unit between bearing 
centres sir on a ee 40 59 43 59 


$00 


100 


FIGURE No. 6. 
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From Table No. 11, which shows the maximum and mean loads on the bearings taken from the 
curves in Figs. 7, 8, 9 and 10, it will be observed that for a particular bearing the ratio of maximum to 
mean load is not constant throughout the engine types. On this account and from the earlier remarks it 
appears that the mean load is the only reasonable basis for determining the dimensions of bearings. The 
maximum mean load is the governing factor since both halves of bearings are of equal length, except in 
very special cases where the difference in the alternating loads permits the use of bearings having unequal 
surfaces top and bottom. In the case of 28.C.8.A, engines there is no reversal of load on the connecting 
rod bearings, and a very trifling change over on the main bearings, while in the 48.C.D.A. engine the 
maximum loads on the main bearings are due to the combined effect of inertia, centrifugal force and 
deadweight. 


ll 


TABLE No. 11. 


Brartmye Loans, Las. rer se. N., OF Top Piston ARwA—Muan LOADS TAKEN OVER 
ComPLetTE Cycun. 


ENGINE TyPr. 


BEARING, 48.0, 28.C. 
S.A. D.A. S.A. D.A. 
Meehan Down 426 396 426 396 
ja en M i | uss 
Load - a no 
Connecting Rop | Up . ct 9 857 
Tor Exp Brarrna Down 82 68 134 92 
Mean: Load) |= - — ~ 
Up 955 59 0 85° 
| : Down 373 299 373 299 
Maximum 
| Load wats i 9 ; a 
Connectina Rop | Up 189 ab4 0 ani 
Borrom Enp Buraring Down 98 83°5 142 77 
Mean! Load) - +--+ 
Up 175 58 0 D4 
; Down 325 BLS 319 238 
Maximum mite: a - 
Main Braries i Up 200 326 30 122 


(Loads given here act on |-————_|—--— : ae eae ——— 
two bearings) Down y oble 111 169 83 

Mean Load |— a os sass = : 2 

Up 262 556 15 29°8 


oon | o ee Ee bet See = = 
| : Ahead Face 53 5D 53 5d 

Maximuin a ‘ i 6] 
re +2 Load st < 
a UIDES Astern ,, 17 18 17 16 


(Loads reverse with change =| == s : 
in direction of rotation) Ahead Face | 7:8 12 125 183 
Mean Load) |-_—_—___== =| = a eee 


Astern  ,, 3°9 3°8 4°7 25 
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The main bearing load curves, the analyses of which appear in Table No. 11, represent for all types 
the load carried by two main bearings of a single cylinder engine, and twice the load taken by each end 
bearing of a multicylinder engine. The load on a bearing between the cranks of adjacent cylinders is 
half the resultant load due to these cylinders computed with reference to the angle between their cranks. 

_ A258.C.D.A. engine having eight cylinders with cranks arranged as shown, is taken to illustrate this 
point. 


ANGLES BETWEEN 
ADJACENT CRANKS. 


1 and 2 = 180° 
Fe as 8s 90° 
+ Pig eer ale 4 pea BK by 
1 5 "= _ 185° 
5 6 = 180 

6 ‘ is 90 

i. 2, (Oras PleG? 


Throughout ihe engine there are three different angles between adjacent cranks to deal with, viz.:— 
90°, 135° and 180°. By combining the main bearing load curves for adjacent cylinders with reference 
to the angle between their cranks the resultant represents, as previously stated, twice the load acting on 
the bearing between the cranks. This is shown for cranks at 90° on curves Fig. No. 12, it being deemed 
unnecessary to reproduce the other two, though the resultant loads for all the angles together with that 
for one cylinder are given in Table No. 13. ‘The distribution of loading on the main bearings, maximum 
and mean, is shown in Fig. No. 14.' 


‘él “ON AYNYIA 
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TABLE No. 13. 
2 8.C.1D.A.--Loap on ONE Main Brartna—Ins. Per sq. 1N., OF Top Piston AREA. 


Single 
Angle between Adjacent Cranks na 90° 135° 180° | Cylinder for 
: | End Bearings. | 
_ he eee ee peed. SS |. a ache td ae | : 
eT ; \ | Down ceed 229 194 93 119 
Maximum Load... | Up rep 120 | ill | 0 61 
Mean Lata \ | Down eae 67 64 | 53 415 


|| Up vee | 14 11 0 14) 


FIGURE No, 14. 
“if 


“9 73 229 w 1h 93 229 93 9 iautgort, 


If the crankshaft is coupled at the centre, the usual practice with engines of this size, the loads 
shown between cranks 4 and 5 in Fig. No. 14 are taken by the two bearings next the couplings. In 
practice the main bearings throughout an engine are generally the same length to facilitate interchange- 
ability and incidentally to reduce the number of spares, in which case the mean load acting between 
cranks 2 and 3 and cranks 6 and 7 determines the size for all the main bearings. The end bearings 
would then be lightly loaded compared with the others and a flywheel, though unnecessary in this case, 
could be fitted to the crankshaft immediately abaft the engine without overloading the adjacent end 
bearing. In this case the maximum weight of a balanced flywheel is (67—41°5) x area of cylinder = 

(67—41°5) x 707 
2240 

The following mean bearing pressures are considered reasonable for bearings supplied with forced 
lubrication, viz.:—Tor Enp=245 lbs. per. sq. in., Borrom ENp=180 lbs. per. sq. in., MAIN BEARING 
=160 Ibs. per sq. in. and AnEAD GurIpE Siippers=9°5 lbs. per sq. in. The foregoing pressure for the 
top end gives unusually large bearings in the case of 28.C.S.A. engines, and some makers of this type of 
engine prefer to work with a somewhat higher bearing pressure, employing as a safeguard special 
lubricating oil pumps to supply oil to these bearings at a pressure of 250 to 350 lbs. per sq. in. 

Where guide: are fitted to the front and back columns the ahead and astern slippers are alike; but, 
in the case of single guides with the addition of bars to take the astern reaction, the astern slippers should 
have a bearing surface of abont 60% of the ahead slippers. 


= 8 tons (approx.) 


CYLINDER CovERS. 

On account of the number of openings to accommodate valve casings, cylinder covers of Diesel engines 
are unavoidably complicated and are less capable of withstanding the heat stresses set up by the temperature 
of combustion than other parts which are similarly exposed. Complexity in design involving inadequate 
provision for expansion together with the difficulties experienced in obtaining sound castings are contributary 
causes to the numerous failures of this part on service and during manufacture. This applies particularly 
to 48.C. engines where provision is made for housing four and sometimes five valves in the cylinder head. 


1h 


In 28.C. engines the advent of port scavenging and the arrangement of a central hole for a casing 
containing the fuel, starting and relief valves, has tended towards simplification in design and construction 
resulting in the production of a sound and reliable cover. 

Various (levices have been adopted in the manufacture of covers, though it cannot be said that the 
tendency is always in the direction of a reduction in first cost, but the means employed in some cases will 
certainly reduce the cost of replacements. This refers to the arrangement whereby a lightly constructed 
water cooled diaphgram is inserted to protect the main cover from the hot gases, the latter being free 
from heat stresses is designed simply to take the gas load. 

Where the cover is composite in construction the materials should be carefully selected, as the action 
of the cooling water has been known to cause serious wasting at the junction of parts made of different 
grades of the same material. 

A cylinder cover is essentially a box-like structure with top and bottom plates suitably braced to 
prevent collapse under load. Experience bas shown that the vertical walls of the valve pockets, bosses for 
holding down studs and numerous ribs, while ensuring a rigid casting to withstand the gas load, interfere 
with the expansion of the inner plate. With the exhaust. fuel and inlet valves on the same centre line 
and within the ambit of the cylinder diameter, the vertical walls surrounding these valves are too close to 
permit of core holes for the passage of cooling water. Intense local heating takes place in way of the 
comparatively large and uncooled parts formed at the junction of the vertical walls, and this accounts for 
the cracks which frequently occur between the valve openings on the combustion sides of covers. By 
placing the fuel valve slightly off the cylinder centre and fitting stzel tubes, screwed or expanded, into 
the openings for the fuel valve and holding down studs, an improvement can be effected without impairing 
the strength of the cover, the top and bottom plates being suitably braced by the walls round the remaining 
openings. 

Additional strength and freer expansion can be obtained by dishing the cover on the inside, while 
large side openings are necessary for supporting the cores in the mould and to give good access for 
cleaning purposes. Tillets and corners should be well rounded to avoid abrupt changes in thickness as 
many fractures, particularly on the combustion side, have their origin in incipient cracks and flaws which 
invariably make their appearance at sharp or ragged corners. 

It is practically impossible to investigate the stresses in cylinder covers with any degree of accuracy 
owing to the complicated nature of their construction and the somewhat uncertain effects of pressure and 
temperature, though a relative conception of strength based on successful experience and considered 
reasonable for all practical purposes may be obtained from calculations where consideration is given to the 
gas load only. 

Cast iron appears to be the most suitable material for cylinder covers, although in some cases good 
results are claimed for cast steel and other materials. 

While the design of the bottom cover of double acting engines differs radically from that for the top, 
most of the foregoing remarks are applicable. 

The piston rod interferes with the turbulence so essential for good combustion and necessitates the 
employment of three or four fuel valves to ensure the proper distribution of the fuel in the combustion 
space. In some designs, however, good combustion is obtained by the use of an auxiliary or secondary 
chamber where the major portion of the combustion space is concentrated round a single fuel valve. The 
orifice connecting this chamber with the cylinder should be as large as possible and arranged so that the 
hot products of combustion, when expanding, are distributed uniformly over the whole piston area. With 
a restricted orifice the hot gases would be discharged from the combustion chamber at a high velocity and 
impinge on the piston or piston rod, resulting in serious overheating and ultimately fractures at these parts. 

The part of the cover between the cylinder bottom and stuffing box should be at least } of the 
cylinder diameter, a fairly close fit on the piston rod, and well cooled to ensure that the gases have dropped 
in pressure and temperature before reaching the packing rings. 

Cast iron rings of the inspringing type and those fitted with springs appear to work well in piston rod 
glands, although the former, which must be slipped into place over the end of the rod, are not generally 
adopted. 

Fig. No. 15 shows a cover of simple design for a well known make of 28.C. engine, the inner plate 
being quite free to expand. 

The design of the 48.C. cover with the separate top plate, Fig. No. 16, offers a solution to casting and 
expansion difficulties. 
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An unusual, though what appears to be an effective, type of 28.C. cover where the inner plate is 
quite unrestricted is shown in Fig. No. 17. A built up cover constructed in four pieces is indicated, 
Fig. No. 18. It will be observed from the suggested design, Fig. No. 19, for a 48.C. cover that the flat 
portion at ‘*A”’, which is considered a hindrance to the free expansion of the inner plate, is eliminated. 

Owing to the wide range in designs of cylinder covers it has not been found possible to outline a 
general method for strength calculations in Table No, 20, which, however, gives particulars more or less 
applicable to all types of covers, 

TABLE No. 20. 
STRESS IN Cover || Max™ Gas Load x 1° 
HOLDING DOWN Strups | | Min. Sect. Area of Studs 


50 % added for screwing up 
Load taken to centre of Spigot | 


= 8,000 Ta 7 


J . S } > iS. x™- ‘ "5 ! 
Cover Sprgor Pres Max ‘Gas Load x 1 54.900 pe Ditto 
SURE Area of Spigot ey 


VALVE CaGE Skat Max™ Gas Load x 1°5__ (5,000: per (amet )) 50 % added for screwing up 


ee = sq. in : 4 
PRESSURE Area of Cage Seat = (1,500 Bs: per (aul)! Load taken on max™ Cage Area 


sq.in. \Starting 


Cylinder swept volume Cubic Ins. per See. 
12 x Sect. Area of Passage (sq. ins.) 


INLET AND ExHaustT 
PASSAGES 


= 105 Ft. per Sec. | 


VELOCITY xcs | 


CYLINDER LINERS. 


It is now the general practice in Diesel engines of all types to press the liner into the jacket except 
perhaps in very small units when it may be advantageous to embody the liner and jacket in one casting. 
Where the liner is separate the tension load due to the gas pressure is transmitted by the jacket, 
entablature or through bolts according to the design, the liner, which is subjected to heat stresses set up 
by the temperature of combustion and radial stresses due to pressure, being relieved in an axial direction 
is free to expand longitudinally. This is a most important consideration especially so in 2 8.C. engines 
where the continuity of the liner is disturbed by the exhaust and scavenge ports. 

‘The flanged part at the t-p of the liner is designed to take the reaction from the cover studs, the 
same being transmitted from the spigot recess through a shoulder to the cylinder jacket. 

Whatever the effect of repeated stresses induced by temperature and pressure, experience has shown 
that when liners are made of a suitable close grained cast iron and designed in accordance with general 
practice an ample margin of safety is available, as testified by the small number of failures under normal 
conditions of working. Piston seizures account for the majority of fractures, failure taking place either 
in the liner or at the flanged attachment at the top, the latter part shearing between the spigot recess 
and the shoulder resting on the cylinder jacket. Fractures due to overheating also occur in the bars 
in way of the exhaust ports. 

More trouble, however, has been experienced from excessive wear than from any other cause and this 
accounts for the majority of scrapped liners. 'The high pressure gas behind the piston rings, inadequate 
supply of lubricating oil, gritty matter in the oil fuel, together with dust of an abrasive character which 
guins admission through the inlet valve and scavenge ports are the principal factors responsible for the 
abnormal liner wear in Diesel engines. 

Pitting of liners due to sulphur in the fue! oil is not unknown, though this action develops more 
rapidly when the engine is stopped. Liner wear would cease to be a troublesome proposition if the high 
pressure gas could be prevented from gaining access to the back of piston rings and although some 
improvements have been made in this direction it appears difficult with the type of piston ring in use to 
exclude the gas to any appreciable extent. The top or 1st piston ring may be placed about 2 to } of the 
cylinder diameter down from the top of the piston so that the gas which ultimately finds its way to the 
back of the rings will have dropped somewhat in pressure. 

Centrifugal separators should be employed on the fuel oil system as the fine gritty matter can be 
separated from the oil more effectively than by the use of strainers only. 


Is 


The use of special cast iron of high tensile strength having a close grain and good wear resisting pro- 

perties offers the best solution to the question of liner wear and this appears to have been successful in some 
engines where liners made from material having a tensile strength of about 26 tons per sq. in. are used. 

The deflection due to the guide reaction in liners of trunk piston engines should be carefully 
investigated and if excessive some reinforcement or intermediate support should be introduced, the latter 
procedure being preferred. 

The method for determining the scantlings of the liner, in addition to other particulars, is given in 
Table No. 23, which is used in conjunction with Fig. No. 21. The stresses quoted ensure fairly reason- 
able proportions especially in way of Section “oc oc” where a large number of liners break. 

The fitted portion at the top and bottom of the liner is usually made a push fit in the jacket, 
provision being made for the insertion of two turns of rubber at the bottom. A copper strip which is 
hammered into place und slightly dovetailed may be used with a turn of rubber to maintain water 
tightness, Fig. No, 22. 
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TABL E No. 23. 


5 : PS 8 
Tension (/,) = DH = 400 Ibs. per sq. inch. 
fi — - Combined 
of Liner at | P Cos @ 
| Shear =- = 1,400 Ibs. per sq. inch. Stress = 2,930 lbs. 
Section | aw (fs) aDH el! as ; 
¥ fa - ep per sq. inch. 
ox oc | F , 6PL 
Bending (/,) = aw DH? = 21000 Ibs. per sq. inch. 
Thickness of ite SF, Fy ty Pes Stress=3,000 Ibs. per sq. 
Cylinder Liner. Pe 0e8 2% Cylinder Digmorer. in. + extra for reboring. 


Pressure on fy 7-500 It : 
Jacket Shoulder. Area of Shoulder = 7200 Ibs. per square inch. 
Shear Stress in Jacket | P 


at Section “BB.” = 2,000 lbs. per square inch. 


Area of Section 


Maximum Gas Load 
Minimum Sectional Area 


Tension Bios 3 in 
Cylinder Jacket. 


= 1,200 lbs. per square inch. 


From a point at 10 per cent. of the stroke below the centre of the piston ring group, measured with 
the piston on top centre, the liner may he gradually reduced in thickness until it reaches that of the 
lower end. 


In 48.C. engines lubricating oil generally enters the liner by a fitting provided with a stuffing box 
where it penetrates the jacket at a point in line with the space between the Ist and 2nd ring, the piston 
being on the bottom centre. 


An alternative and suitable arrangement is shown dotted in Fig. No. 22. In the case of 28.C. 
engines the lubricating oil connection which contains a non-return valve enters the liner above the 
scavenge and exhaust ports. The number of oil connections round the liner depends on the size of the 
cylinder, but does not as a rule exceed six per end. 


PISTONS. 


Cast iron is probably the most suitable material for pistons on account of its general reliability in the 
foundry, good wearing properties and relative cheapness. Special cast iron should be employed, although, 
where the piston is constructed in two or more pieces, only the part embracing the crown and walls need 
be made of special material. ‘The crown is more liable to fracture than any “other part, signs of failure 
invariably appear at the centre on the combustion side. For this reason the thickness of the crown plate 
is important and as reliability is the chief consideration the employment of good quality material having 
a thickness based on extended experience is preferable to any design derived from strength calculations 
only. Internal ribs supporting the crown should be of substantial construction, carefully distributed and 
arranged so that the load is transmitted direct to the piston rod. The walls containing the rings may be 
left free from ribs without impairing the strength of the piston, otherwise, the structure is too rigid and 
is liable to distort and fracture under the influence of expansion. 


The growth of cast iron resulting from repeated heat stresses has an important bearing on the amount 
of clearance necessary for safe working conditions, ‘This clearance is best determined from experience 
based on the behaviour of known materials operating under actual conditions. Maximum clearance is 
provided at the top, where the temperature is greatest, tapering to a point near the centre of the ring 
group, the remainder of the piston having a constant clearance, except in the case of pistons with long 
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skirts where a further reduction is made towards the lower end. The actual amount of clearance will 
vary according to the type of cooling employed, oil or water in circulation or crank case ventilation. 
r ] . Pf 1 ‘ * ‘ 2 : 2 *, 1 aT 

Che depth of pistons for 48.C.8.A. engines need only be sufficient to house the group of rings with the 
addition of the part above the Ist ring, but in 28.C.8.A. engines the depth must be such that the scavenge 
and exhaust ports are covered with the piston on top centre. 


Trunk pistons take the lateral thrust or guide reaction, the depth being arranged for a reasonably low 
bearing pressure and also to distribute the load well over the liner. 


The high temperature in way of gudgeon pin bearings and the high pressure necessitated by the 
limited space available for these bearings together with their inaccessibility are factors which account for 
the unpopularity of trunk piston Diesel engines for main propelling purposes, despite the fact that these 
engines offer an appreciable saving in height and weight. Another disadvantage with this type of engine 
is the heavy consumption of lubricating oil, the major portion of which is splashed on to the liner and 
piston and carried by the latter up into the cylinder. A reduction in the lubricating oil coasumption 
may be effected by the provision of a long piston skirt to prevent the splash from the crank case reaching 
the cylinder walls and one or two rings attached to the lower end of the liner to scrape the oil off the 
piston. This arrangement is applicable only to engines having a large connecting rod to crank ratio or a 
small stroke bore ratio as the connecting rod, when at right angles with the crank, must clear the skirt. 


Piston rings are made of special close grained cast iron and are manufactured cither in two turning 
operations—the gap being cut after the first—or in one turning operation after which the ring is cut and 
hammered on the inside. The ring produced by the hammering process bears more uniformly on the 
cylinder walls. The general idea governing the design of piston rings is to determine the radial thickness 
so that the two principal stresses are about equal, viz.:—the working stress in the ring when in place and 
the stripping stress when passing the ring over the piston. An increase or decrease in the axial depth of 
the ring has no influence on the intensity of these stresses which, it may be added, are opposite in 
direction. The depth should equal the radial thickness so that for a given ring rubbing surface more 
square rings could be used than would be the case with those of greater depth. This of course is desirable 
as a considerable pressure drop takes place between each ring, consequently with the larger number 
available the total load behind the rings is appreciably reduced. The outer edges of piston rings, except 
those used as scrapers, should be slightly rounded to enable an oil film to pass between the rings and the 
cylinder walls. A very fine clearance or gap between the ends of the rings, when in place, is essential. 


Provision is sometimes made to locate the rings in place with the gaps arranged out of line and as 
far apart as possible so that gases, seeking a means of escape, travel a devious course. Where it is the 
practice to fix the rings in 28.C. engines the gaps are arranged to work across the bars between ports. 
However, as the ends of rings appear to pass over the jports easily and no trouble is experienced in 
keeping the piston tight with rings free to take up any position, locating pins, which are a source of 
danger when they shear or work loose, need not be fitted. 

Most of the features mentioned in the foregoing are embodied in the designs for 28.C.S.A. and 
48.C.8.A. engine pistons shown in Figs. Nos. 24 and 25, Some particulars relating to the scantlings of 
pistons are indicated in Table No. 27. 


The general use of hammered piston rings renders it unnecessary to outline the procedure for 
strength calculations for ordinary rings. According to general practice, piston clearances, particulars of 
which are given in Table No. 28, vary considerably. The radial clearance is half the amount given 
in the Table. 
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TABLE No. 27. 


_ Radial Thickness of Piston Ring. Cylinder Diameter x *028, 


5 for Pistons above 12” diameter. 

Gils EP: Neal og ne 
Number of Piston Rings. dass e Ser Ny 

8 ” ” ” 80” ” 
te * ae | lO < 


T = R? x :028 (without internal supports) 
Thickness of Piston Crown. T = R* x ‘022 (with internal supports) 


See Fig. No. 26. 
T = R? x ‘05 uncooled 


Studs, Piston Rod Attachment. | Stress = 


Fag nh tag 
‘Total Min. Sect. of Studs 1S ha nc gra ase 


eas | I = Inertia due to Piston. 
Stress = 2000 Ibs. per sq. in. | 


Trunk Piston Lateral Thrust. 12 to 15 Ibs. per sq. inch. 


Piston CooLine. 


Trank pistons generally depend on ventilation from the crank case ; but where oil cooling is provided 
the only practicable method is to circulate from the bottom end up the connecting red to the top end 
bearing, thence through a hollow gudgeon pin to the piston crown space. The disc harge, which is led to 
the bottom of the skirt, may be through a passage formed in the piston, or a pipe attached thereto. 


In crosshead engines with oil cooled pistons, circulation is by way of the connecting rod or guide 
slippers to the crosshead and then up the piston rod. The outlet passing down the annular space between 
the inlet pipe and the rod is discharged from any convenient part of the crosshead. With either of the 
foregoing arrangements a failure in circulation could take place for some time without being observed, 
unless provision be made to collect the discharge in an open funnel and lead the pipe out through the 
crankcase. 


The circulating system in single acting engines employing water for piston cooling is kept independent 
of the running gear. This arrangement facilitates dismantling for inspection and also affords the best 
means of preventing the water gaining access to the lubricating oil in the bedplate. 


In double acting engines the circulation is by way of the piston rod, either through the crosshead or 
the rod direct, from a br anch piece attached to the crosshead. ‘The inlet passes up the centre of the piston 
rod while the outlet is carried between the rod and a comparatively light sleeve of steel or cast iron. 
If the telescopic pipes, generally employed in the piston cooling system of crosshead engines, are 
iewied lined up little trouble beyond the occasional renewal of packing rings is exper ienced. The 

ischarge from the telescopic pipes may be led to an open funnel attached to the engine framing or to an 
observation tank placed in some convenient position. This tank, fitted with glass. panels for observing 
the flow from the pipes, serves as the discharge collector for all the cooling systems. Hach pipe entering 
the tank is provided with a name plate and thermometer connection. 
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TABLE No. 28. 


Clearance :—Thousanths of Diameter. 

DIAMETER OF CYLINDER. hie — 
Top. Ring Group. Bottom. 

9 inches to 10 inches... 5 1-4 ihe 

Up to 12 inches ... = 55 15 1:2 

A, eee eee 6 16 1°3 

| Peo Oe Coen ic a 6°2 18 1°5 

| TEL PAS ar = 65 2°0 18 

Seat Anes * 6°9 | 2°2 2°0 

| Rees f Fea sus aaa 7°5 2°5 2°2 


Runninc GEAR. 


With the exception of the upper end of the piston rod and its attachment to the piston the running 
gear of Diesel engines differs little from that of steam engines. A flange of substantial construction 
reinforced by a conical shaped neck forms the top end of the piston rod, the piston being attached to this 
flange by means of studs. The estimated load on these studs due to the inertia of the piston is small in 
48.C.8.A. engines, while in 28.C.8.A. engines no such load occurs. In the event of the compression 
failing in the latter the load on the studs would then be due to the same effect as in the 48.C.8.A. engine 
and for this reason the piston attachment for both types may be treated alike. 

Despite the rigid construction of the flanged portion and the very moderate stress the studs carry, on 
a basis of estimated loading, these parts are not unknown to fail. This is caused apparently by a partial 
or complete piston seizure, in which case the eccentric loading arising from excessive local friction reacts 
unfavourably on the flanged attachment. 

The stud holes in the flange should be large enough to provide ample clearance round the stud to 
allow for the expansion of the piston. 

As the low ratio of length to diameter of the piston rod ensures a good strut factor of safety the 
deflection due to eccentric loading of the piston is not sufficient to endanger the rod. 

It is advisable to allow a moderate stress on the crosshead bearing pins and also on the connecting 
rod fork as a safeguard against failure when one top end bearing is required to transmit the total piston 
load. This condition may arise from misalignment of the connecting rod or from deflection of the piston 
rod in a fore and aft direction. Cracking in way of the top end bearings is generally attributed to 
excessive deflection at the connecting rod fork. 

Top and bottom end bolts may with advantage have their bodies reduced at intervals to the root 
diameter of the thread to give a uniform distribution of stress. 

Investigations show that under normal conditions of loading top and bottom end bolts carry very 
small loads in 48.C,8.A. engines and practically no load in the case of 28.C.S.A. engines. Nevertheless 
these bolts are sometimes found badly stretched or fractured, due no doubt to piston seizures. 

The foregoing remarks refer generally to single acting engines though some are applicable to those of 
the double acting type. In double acting engines, however, the running gear is subjected to alternating 
stresses having much higher ranges. 

Particulars relating to the necessary calculations for determining the scantlings of the crosshead, 
slipper and connecting rod (Figs. No. 29 to 33) are given in Table No. 34, while Table No. 35 indicates 
those dealing with the piston rod. 

Use has been made of the bearing load curves, the maximum values of which appear in Table No. 11, 
to ascertain the loads on the gear. 

The upstroke loads on the running gear of 448.0.8.A. engines may be taken for 28.C.8.A. engines 
also, as previously explained. 

Table No. 36 gives reasonable running clearances for good working conditions. 
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TABLE No. 34. 


| s MAXIMUM LOAD, LBS. PER SQ. IN., OF 
4 eat — TAKEN Lege BEARING oe 
E PART. FORMULA. REMARKS. oe eS od een 
| = IN. 
5 Loan | feo 
| @ Wye “nde Ot DA | Boe) DAL hoekd ok 
Crosshead Load x L | Ton | —75 ar] | al tan 
1 I r Fos 8 op 78 351 0 357 : 
_|_ Bending 4 Bigpre Bex ey End | 426 | 396 | 426 | 396 | &000 | 5,000 
» | Crosshead Load x | lhe wi 
= Bending 2x7, ” ” 7 | ” | ” | ” ” 4,000 | 3,000 
» | Crosshead Load ; ic > eons te ; 
2 Shear 2 x Sect. Area ” ” ” ” ” ” ” 2,500 | 2,000 
3 | Top End Load x : ae i; =e ieee. | 4 
” | Cap Bending io oe Figure No. 30 é 78 | 351 0 | 357 | 4,000 | 6,000 
4 | Top End Bolts Load a —_ ip | i 
Tension Total Sect. Area 2 ke ” BE Ps he a oe G00 
. | Top End Butt. Load x1 : tae’ | | 
° | Bending “Ts i ~ 2 > | » | 9 |4,000 | 6,000 
6 Conn. Rod Fork | Load x Sin.@ x1 78 351 i? “0 | 357 A | 
Bending r ese Sia » | 426 | 396 | 426 | 396 | 4000 | 3,500 
wes Down Down | Down | Down | 
g | Coun. Rod Fork Load x Sin.9 =r a 
Tension or Comp.) 2 x Sect. Area Hp ” ” n | » _| ow [2,000 1,500 
g | Conn. Rod Fork Load x Cos 0 ‘ i barat | 
Shear 2 x Sect. Area ” ” ” ” | ” | oy ” 2,000 1,500 | 
Conn. Rod Body Load . 7 51 357 
vi - ee =78! 351 Cote as z 
“|_ Tension or Comp.| Sect. Area on * |=426 396 | 426 | 396 | 8000 | 6,000 
= Conn. Rod xe xl E=30 000,000 Ms: per [= Mom. of 7 Factor | Factor 
a Pie tne iscoat Tie-thhins Rod Cae oe ot oe 426 | 396 | 426 | 396 |17-20/| 18-20 
Bott. End Butt Load xT | Bott oO 
8 | Bending Sezs Figure No. 30 End | 139 | 254 0 237 | 4,000 6,000 
9 | Bott. End Load al ae 
“ | Bolts Tension Total Sect. Area Z: = Z 2 ” 2 » | 4,000 | 6,000 
10 Bott. End Cap mee | Gel < | eeee c= 
Bending 6xZ = os Rs si as ¥ 8 4,000 | 6,000 
Guide Bars Load x A Length of : $i i - C.tron | C. Ir 
Bi : reer ength of Barequal to length of Slip- | Guide | _, re | ors me ree 
Bending ae x Z r: per, for calculating Section Modulus. |Reaction iB | 53 55 | 1,800 | 1,800 
jo | Guide Bar Load x C Sect. Area of number of bolts” 4 : A 
Bolts Tension 2x Bx Sect. Area covered by Slipper "i et Gas a2 ks » | 6,500 | 6,500 
Slipper Load x 1 a ¥ a 7 q .fron |. Iron 
Ae. Bending mre Figure No. 82 ie, i be : s » | 2,000 | 2,000 
Slipper Load . a : C. Iron C, Iron 
oe Tension or Comp. Sect. Area Figure No. 33 ae oe ” ” » | 1,000 1,000 
15 | Slipper and Oross- Load | 7 . 
head Bolts, Tension Sect. Area ” ” nn ” ” 4,000 4,000 


GG 


Load = P—P,+W. 
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TABLE No. 35. 


| P = Max. Gas Load (top). 
W= Weight of Piston and Piston Rod. actor. 


Piston Rod | P, = Inertia due to W (T.D.C.). 
Strat _ E = 80,000,000 Ibs. per sq. in. 
Factor. wxExI i 
Factor = ffetook I = Moment of Inertia of Body. 18 to 22. 
Ll. =Length from Top Flange to | 
Centre of Crosshead. 
Piston Rod | : Tad Stress 
Body _ Stress = <— P, P, and W for Load as above. 5,500 lbs. per 
Compression. Beck, Ares sq. in. F 
Al = aa | 
palioe | 8.A. Engs. Load = P,—W. P = Max. Gas Load (bott.). _ 
a= ~ “4 | stress 
Screw D.A. Engs. Load = P—(P,+ W). P, = Inertia due to W (B.D.C.). S.A. = 4,000 
Tension. | giregg a= _ oad _ | P. ebd W an shova D.A. = 6,000. 
Sect. Area | 
TABLE No. 36. 
RUNNING CLEARANCES. 
BEARING. CLEARANCE, THOUSANDS. 


Connecting Rod Top End Bearing. 


*6 to ‘75 of Diameter. 


5 to 7°5 of Length (total side clearance). 


An », Bottom End Bearing. ‘7 to °85 of Diameter. 


Main Bearing. 
” ” 
Guide Slippers, Fore and Aft. 


» ,  Athwartship. 


20 to 30 of Length (total side clearance). 


| 
| 


1 of Diameter. 


15 to 20 of Length (total side clearance). 


2to 4 of Width ” ” ” 


3 to 3°5 of Thickness (total clearance). 
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FRAMING. 


Most of the outstanding features of the various systems of framing employed in the construction of 
Diesel engines are embraced by the following types, viz. :—framing with and without tie rods. 

Tie rods, fitted to relieve the engine framing of tension loads and incidentally to reduce the weight 
of the structure, usually extend from the bedplate bottom to the cover tops, entablature or cylinder feet. 
Their great length necessitates the adoption of a low stress and the application of a good initial load, 
assisted by heating the rods in place when tightening up, to keep the extension within reasonable limits. 

On the downstroke—the direction of maximum loading—considerable support is given by tie rods to 
the athwartship girders of the bedplate, resulting in a reduction in bending and deflection. Columns or 
“A” frames arranged in line with the main bearings provide the necessary reinforcement for the girders 
to take the up stroke loads. With the foregoing scheme, comparatively little bending occurs in the fore 
and aft girders of the bedplate, excepting troubles arising from lack of balance and inadaquate support 
from the engine seating ; but where the columns are arranged in line with the cylinders, 7.e. between the 
bearings, all the bedplate girders are subjected to bending. 

In view of the number of crankshaft defects which can be traced to excessive deflection at the main 
bearings, the strength of the bedplate, especially in way of the athwartship girders, should be carefully 
investigated. 

The loads on the tie rods are determined in precisely the same manner as described for main bearings 
throughout the engine, the only difference being that the indicator cards are not corrected for inertia, etc. 

Cylinder entablatures running the whole length of the engine and supported at intervals by tie rods 
are usually treated as short beams with a span equal to the distance between supports. This is considered 
good enough for all practical purposes, though treatment as a continuous beam is a more accurate but 
somewhat laborious method. 

Where the cylinder is designed to take the gas load in tension, openings for inspection purposes 
must be suitably reinforced to ensure a uniform distribution of stress round the jacket. 

A crank case construction is invariably used as an alternative to framing fitted with tie rods, though 
there are some engines with the cylinders supported on columns in a manner similar to steam practice. 
The latter arrangement demands heavy scantlings for the cylinder feet and columns to take the vertical 
and lateral loads. 

The crank case, which is a more rigid structure, is well adapted to engines of the Diesel type using 
forced lubrication and having the running gear totally enclosed. 

In order to facilitate the removal of round main bearing bushes the centre of the housing is 
arranged °06 inch off the centre line of the engine in a horizontal direction. 

The following Table No. 37 gives the principal stresses, etc., for the framing, the method for 
estimating the loads haying been previously explained. 


TABLE No. 37. 


| Bedplate Girders under Main Bearings. | Stress = 700 Ibs. per sq. in. C.L., 3,500 Ibs. per sq. in. C.S. 


: : Cast Iron, Cast Steel. F. Steel. 
j S.A. Engines 1,500 4,000 5,000 Ibs. per sq. in. | 
| D.A. Engines — 5,000 6,000 “ + | 


Main Bearing Covers. Stress 


§.A. Engines = 3,500 Ibs. per sq. inch. 


Main Bearing Bolts and Studs. Stress | 1A. Bingeinen <6 000 
acer es =S ne ” 


” 


na hea] eee ane T= 05 x OC. Shaft Diameter + °3” Cast Iron. 
| General Thickness of Bedplates. T= 025 x C. Shaft Diameter + +5’ Cast Steel. 


Thickness of White Metal in Bearings. T = ‘025 x C. Shaft Diameter + +13”. 


| Tic Rods. Stress = 2,500 (Body) = 5,000 Ibs. per sq. inch (screw). 
Extension about ,y/". 


"| 
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BALANCING OF ENGINES. 


The arrangement of the cranks requires careful investigation to obtain a good condition of balance 
of the forces and couples, and also to give equal periods of time between the firing strokes of the 
cylinders, avoiding, if possible, adjacent cylinders firing immediately after one another. For the foregoing 
reasons equal angles between the engine cranks are generally adopted, and, if complete balance is not 
possible with this arrangement, the air compressor or scavenge pump crank is arranged in conjunction 
with those of the main engine to give the best condition approaching balance. 

Tt is deemed unnecessary to give particulars regarding balancing for the various crank arrangements, 
but it may be mentioned that the arrangements for 48.C. engines, having 6, 8, 10 and 12 cylinders, 
permit of complete balance. This does not apply to 2.8.C. engines unless the cranks are arranged so 
that two cylinders fire simultaneously. 

Consideration must be given to the question of balance with reference to the proposed position of 
the machinery in the ship and, if complete balance is not possible, the unbalanced forces should be small 
in engines placed amidships and the couples in those placed aft. This is a necessary precaution, since a 
force applied between nodes or a couple at a node, with periodic time equal to or a multiple of any of the 
periods of the ship’s hull, is capable of increasing the amplitude of the vibrations. 

Considering that most steam engines operate more or less out of balance and no troubles arise from 
synchronism so far as the natural modes of vibration of the ship’s hull are concerned, it appears that, 
provided the magnitude of the unbalanced forces and couples a not exceed those allowed in steam 
practice, other things being equal, the Diesel engine would also be immune from troubles of this nature. 

The particulars of balancing given in Table No. 38 show that the Diesel engine compares 
favourably with the steam engine. In each case the vertical couple is the resultant of the reciprocating 
(primary and secondary) couples and the revolving couples, the horizontal couple is due to the revolving 
couple only. The forces are treated similarly. 
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TABLE V2 38. 


Mas” Ie ues Uelussinveeo 
braces (avs) Courses (lan/=) 


pa Pr nigh OF Resse. 

TIO. | Ence 

Pe oorue| Hs mal her * i 
pac bias] 


COKE 380, 
2 


CULE 


3+ | 


MteancéMenT 


OF CYLINDERS. 


eas Eerie 303 1A.2. | 
73, Couns | 50-0 350 Res | 
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FLYWHEELS. 


Owing to the impulsive running which is characteristic of all Diesel engines a flywheel or some 
suitable mass must be provided to constrain the speed of revolution within specified limits. The function 
of a flywheel is to absorb energy while the twisting moment is above the mean and return same when the 
twisting falls below the mean, In determining the flywheel effect, whether this is obtained from a 
flywheel, balance or counter weights, allowance should also be made for the effect of reciprocating and 
revolving parts. The general practice is to include the flywheel effect of one half the weight of the 
reciprocating parts together with the bottom half of the connecting rod and the unbalanced parts of the 
crankshaft, all revolving at the crank pin centre. 


In multicylinder engines where the twisting moment fluctuations are small, the effect of the engine 
masses may be sufficient to constrain the speed of revolution within the desired limits, in which case a 
turning wheel of light construction is fitted. 


If, however, the degree of irregularity, determined according to the requirements of the service for 
which the machinery is intended, be too great, difficulty may be experienced in starting up. 


When the engine is completely balanced and it is proposed to fit counter weights in lieu of a flywheel 

—a not uncommon practice—the counter weights on each half of the engine are arranged diametrically 

opposite one another to wipe out their forces and those acting in the same direction equidistant about the 

centre of the engine to damp out the couples. For example in an eight cylinder 4 8.C. engine with cranks 

arranged as shown in Table No. 88, counter weights would be fitted to cranks No. 1, 2,7 and 8, the 

—— on 1 and 8 being in line and diametrically opposite those on 2 and 7, thus preserving complete 
ance. 


The following formule relating to flyweel calculations are used in conjunction with Tables No. 39 
to 43. 

The coefficients of fluctuation of speed given in Table No, 43 may be taken as representing average 
practice, 


me . PP kis pire et AxD?xS 
K (for engines with flywheel or its equivalent) = (Wa'+Bx Dx S)R? 
K (for engines without flywheel or its equivalent) = B od 


Wiha Seo Bx D'x8 
where W = weight of flywheel or its equivalent (tons), 
d =diameter of gyration of flywheel or its equivalent (feet), 
D = diameter of cylinder (inches), 
S =stroke (inches), 
R = revolutions per minute, 
K = Coefficient of fluctuation of speed (see Table No. 43), 
A and B (see Tables Nos. 89 to 42). 
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ENGINE SEATING. 


The bedplate, the scantlings of which are determined independent of any support afforded by the 
engine seating, should be well braced and of ample rigidity to deal with the internal forces. External 
forces transmitted to the engine seating are due to the swinging action of the engine when the ship rolls, 
and unbalanced forces and couples. 

Oil troughs on the bedplate necessitate a break in the continuity of the engine seating which is a 
source of weakness, especially in the built up type. These troughs may be embodied in the bedplate with 
only a slight increase in the engine weight, the whole being bolted direct to the tank top plating as in 
steam practice. 

The Diesel engine, unlike the steam turbine with its low centre of gravity and fine balance, is not so 
well alapted to built up seating, as the disturbing forces play havoc with flexible seating, slackening 
holding down bolts and rivets, 

The following comparison between a quadruple expansion steam engine and an eight cylinder 
45.C.8.A. Diesel engine of the same power and revolutions shows that the latter requires a seating every 
bit as rigid as the former, 


Steam engine taken as unity. 


Dizsen Ener. 
Weight = 3 Bedplate, length = 1-6 Weight on bedplate area = 2°08 
Height to top of cover = 1:2 Bedplate, breadth = -9 Greater proportionate height of 0.G. 
Better balance 


Cast iron chocks are generally fitted under all the holding down bolts and as an additional precaution 
corner chocks should be fitted to prevent fore and aft movement. If the thrust block is embodied in the 
bedplate a long chock, secured by fitted bolts to the engine seating, should be fitted against the flange at 
each end of the bedplate. 


It is proposed, with the sanction of the Committee of the Staff Association, to give at some later date 
a paper dealing with the remainder of the subjects relating to Diesel engine design. 


DISCUSSION ON MR. J. ANDERSON’S PAPER 


ON 


DIESEL  ENWGinN Th DR SirtG i. 


Mr. L. R. Horne. 


The first thing I wish to do is to express my appreciation of the large amount of work which 
Mr. Anderson has put into this paper. 

We should be grateful not only for the information which he has given us, but also for the clarity 
and conciseness with which he has arranged it. 

A famous preacher was once asked how long he required to prepare a sermon. “That depends”, he 
said, “if you want me to talk till my dying day I’m prepared to start now, but if you want a ten minutes 
address I shall need some days for preparation.” 

I have no doubt it would have given Mr. Anderson much less trouble to have spread the information 
he has to offer over 320 pages than to confine it within the limits of 82. 

By way of criticism, I would turn to the comparative tables Nos. 1 and 2 of the horsepower and 
weight of certain types of Diesel and Steam Engines. These were not, I take it, meant to be comprehen- 
sive, but, it seems to me that, if comparisons are made at all, figures for H.P. Turbine installations should 
also be quoted. 

May I refer you to Sir Wm. Biles’ paper before the Institution of Naval Architects in June, 1926. 
Comparing with the 12 knot vessel mentioned by Mr. Anderson, we have figures for B.H.P. per ton of 
machinery, Single Screw Diesel driven ship of 4:23; Single Screw H.P. Turbine driven ship of 6°43. 

According to Sir Wm. Biles’ figures, the comparison for vessels with a higher speed is more favourable 
to the steam engine. For a 14 knot vessel the B.H.P. per ton of machinery would be with Twin Screw 
Diesel Engines say 4°23 and with twin screw H.P. Turbines 6°95. 

These figures are, I gather, for ordinary cargo vessels, and I presume Mr. Anderson’s are for the 
like. In conclusion I think our hearty thanks are due to Mr. Anderson for his paper. 


Mr. J. R. BEVERIDGE. 


Mr. Anderson has given us freely of his accumulated experience of Diesel engine design, and his 
paper shows the clarity of expression inherent to first-hand knowledge of the subject. On that account 
it earns our gratitude, but adds to the difficulty of criticism. : : 

It is noted that the author’s basis for weight comparison, viz., D®’, agrees closely with that given 
by another designer, viz., D?, this figure being for crosshead type, but for trunk piston type, D?*? was 
quoted. 

Tables 1 and 2 are, [I presume, included in order to give one a direct comparison between the 
weights of steam and Diesel engines, but the selection of types is not altogether representative. For 
instance, in favour of the steam engine, an installation, intended for vessels of high speed and power, and 
consisting of geared turbines and water tube boilers, would give a figure approaching 10 B.H.P. per ton 
of total machinery, as against the maximum of 7:98, quoted in Table I. On the other hand, if one 
considers the case of Diesel engines of the 48.C.SA trunk piston type, such as have been introduced on 
Continental coastal and express services, a figure of almost 6 B.H.P. per ton of total machinery might be 
obtained. ? 

Admittedly, however, too much stress can be laid upon comparative weights, if cargo vessels are 
considered, as the diminution in engine room length in favour of the Diesel engined vessel compensates 
for the increased weight of propelling plant. 
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The author mentions the liability to corrosion of cylinder covers, where dissimilar metals are in 
contact with cooling water. This seems quite reasonable, but why, on page 18, is a copper strip recom- 
mended for maintaining watertightness between the liner bottom and the cylinder jacket? The formule 
in Table 23, might with advantage be amplified by the addition of one giving the customary 
proportional thickness of the liner at the lower end. 

I do not quite see how any very appreciable amount of eccentric loading can come upon the piston, 
and would like to have this point explained. 

The present paper will be retained as a useful reference book, and the next instalment is awaited 
with interest. 


Mr. E. W. Biocksinaer. 


The subject under discussion is one of great interest to the members of the Staff Association, and of 
special importance to the shipowner. The rapidity with which shipowners have adopted the oil engine 
in the construction of new ships, makes it necessary to circulate useful information among surveyors who 
have to deal with installations and upkeep. 

Mr. Anderson’s paper is full of interesting details and helpful data, which are usually retained by 
the individual rather than circulated for the benefit of others, and the promise of an extended treatment 
of the subject at a later date, will complete a very valuable addition to the transactions. 

It has been advocated constantly by designers that a ship fitted with an oil engine is penalised for 
hold space, owing to the application of the present tonnage laws. That is to say, if the capacity limit of 
13 per cent. for the deduction of 82 per cent. of the gross tonnage for the propelling-power allowance is 
reduced, it will be possible to design a smaller engine room. 

When reading a paper at the Spring Meetings of the Institution of Naval Architects in April, 1925, 
the writer to the present discussion desired to draw particular attention to the necessity for a revision of 
the “‘propelling-power allowance,” but since writing the paper, as a result of further investigation, 1 do 
not feel there is such a pronounced justification for any preference being given to the oil engine in this 
respect. 

mit T am not extending the discussion outside the limits of the paper, it would be of great interest to 
know, from the experience of Mr. Anderson, whether he is satisfied there is a distinct saving in cubic 
space when adopting the oil engine, when compared with the steam reciprocating or turbine engine. 


Mr. A. W. B. Epwarps. 


Mr. Anderson’s paper is so uniformly good, that criticism is almost impossible. I should, however, 
like to comment on a few minor details of the paper. Dealing first with the question of cylinder covers, 
and the reference to the numerous failures in 48.C. engines, I think that this point is rather unduly 
stressed by many people. Undoubtedly, many covers do crack, due to errors of design and operation, 
but a cracked cover is not necessarily scrapped. Provided the crack is only just perceptible, as is usually 
the case, and reasonable precautions are taken, it may remain in service for some years. I have in mind 
several that have been cracked for over three years, and are still giving good service. A well designed 
cover, with accessible water passages, and no stiff transverse sections of metal near the joint face, as shown 
in Fig. 19, will not crack under fair operating conditions. 

The excessive wear of liners is probably due to the high gas pressure acting behind the upper piston 
rings, combined with a disintegrating effect of the high temperatures acting on the material. From 
observations I have made extending over a number of years, I have noticed that the maximum wear 
occurs at a point 3ins. to 4ins. below the highest point reached by the top piston ring. At this point 
on the expansion stroke the highest combined pressure and temperature conditions would be reached. 
Plotting liner wear against the stroke, the curve is practically identical with the gas expansion curve. 
The curve of wear, plotted against liner life, rises rather sharply from the origin, dies off slightly toa 
uniform rate, then rises again very sharply towards the end of the liner’s period of service of approximately 
five years. This, of course, is what one would expect. I have noticed that the wear in trunk piston 
engines is about one-sixth that of the crosshead type. 

Until an improved type of piston ring can be evolved, the only solution seems to be to fit liners 
made of rather hard material and piston rings somewhat softer, as it is easier and cheaper to renew piston 
rings than liners. Passing the fuel oil through a centrifugal separator materially reduces the wear, 
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I note that Mr. Anderson, no doubt through pressure of time, has omitted a number of rather 
important items from his paper, and trust that when he can give us his next one, he will include some 
information regarding the effect on the stresses on the crankshaft of doing what is not infrequent in 
practice, namely, cutting out one or more cylinders. 

I should like to associate myself with the remarks of several of the previous speakers in thanking 
Mr. Anderson very heartily for his very valuable paper. 


Mr. 8. F. Dorry. 


Our thanks are due to Mr. Anderson for giving us a paper containing such a fund of information 
relating to Diesel engine design, and I think we will all agree he may rest assured that his “burning of 
the midnight oil” during the preparation of this paper has not been spent in vain. 

Turning to Tables 1 and 2, it would no doubt be of general interest to our shipbuilding colleagues 
if the author would add particulars of vessels from which the data has been obtained, such as length, 
breadth, depth and draught. 

Mr. Anderson rightly adopts the mean bearing load as a basis for the design of bearings, though he 
might have more correctly stated the mean vertical bearing load. In ordinary marine practice, however, 
the former is quite sufficient, but the resultant pressure curves shown for the main bearings will, of course, 
be only the resultant vertical loads. 

It will be observed from Fig. 9 that for the 28.C.SA engine the pressure on the bottom end and 
main bearings is not reversed, and the author’s remarks on the effect of this non-reyersal of load on the 
wear and lubrication of these bearings would be appreciated. 

The curves showing the guide reaction pressures are of interest, and no doubt these will be referred 
to when Mr. Anderson deals with strength of columns. 

It is noted that in Table 23 the combined stress for the liner appears to have been calculated 
by using the maximum strain theory. In the case of cast iron the maximum principal stress theory is 
more in accordance with experimental results. 

The section on flywheels contains some useful information regarding coefficients of fluctuation, but 
its real value lies more in land practice than marine requirements. Comparison of the four different types 
of engines for the same number of cylinders shows interesting results. 

It is unfortunate that there appears to be no relation between coefficients of fluctuation of speed and 
fluctuations of torque in the shafting. If, however, some empirical relationship could be adopted, it 
would undoubtedly simplify methods for ascertaining sizes of straight shafting. A point worthy of 
consideration is that the variations of the engine torque at the aftermost crank may not necessarily be the 
same as the variations of torsional stress in the shafting. This, of course, is most marked when torsional 
oscillations occur, but may have an appreciable effect even when such oscillations are not so apparent. 

The author has briefly touched on the subject of engine seatings and, as attention has already been 
drawn to this point by other speakers, Mr. Anderson will, no doubt, have further remarks to make in his 
reply. It would appear, however, that insufficient attention has been given to the moments of horizontal 
unbalanced forces about the seating, the pendulum effect of the engine when the vessel rolls, and the 
athwartship width of the engine bed plate. 


CORRESPONDENCE. 
Mr. A. J. Brown. 


I have read Mr. Anderson’s paper with great interest, and would congratulate him on the production 
of much useful data likely to be of service to designers and those similarly interested. 

In perusing this paper a namber of points occur to me, and of these the first is that of bearing 
loads. I am of opinion that, in designing bearings for a Diesel engine, two factors are outstanding, these 
being the pressures encountered during starting and manceuvring, and the supply and condition of the 
lubricating oil during normal running. It has been my experience that troubles arising from bearings 
have been due in every case to one of these causes, and not to sustained loading of normal running as such. 

In the case of 48.C.SA engines of the orthodox crosshead type having cylinders, pistons and piston 
cooling gear glands isolated from the crankcase, it is seldom that trouble is experienced with main 
bearings, providing the oil supply has been ample and reasonably filtered, while wear down in such cases 
is found to be negligible. On the other hand, in the case of 28.C.SA engines, where the crankcase is 
contaminated with the oil and carbon discharges from the cylinder and piston lubrication and piston 
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cooling gland leakage, in addition to the loading being in one direction and mainly unrelieved, it is found 
that wear down is severe, while the cases of crank shafts being pitted and adding to the bearing trouble 
are too frequent to ignore. This applies also, other than the loading conditions, to 48.C.SA engines of 
the trunk piston type, and, in many cases, is aggravated by the addition of further contamination due 
to lubricating oil splashing on the piston crowns. 

It will be found in many engines of the latter type running at medium speeds, that considerable 
wear takes place on main bearing top half bushes where these are not quite fully surfaced, thus 
indicating that the effect of inertia loads is not quite negligible. 

The foregoing applies equally to bottom end bushes, while in the case of top end bushes there is the 
added problem of excessive deflection at the connecting rod fork. Judging from the numerous cases of 
bushes and cracked white metal found in the top end bushes, it would seem that insufficient strength is 
provided at the connecting rod fork, and I think that designers would do well to reconsider this question. 
{ am of opinion that it is the starting loads that account for the damage, and when it is considered that 
pressures just under or equal to the setting of the cylinder relief valves are the rule more than the 
exception, it will be appreciated that the stresses are very severe. Experience has shown some types of 
forked connecting rods to be able to withstand these shocks with impunity to the top end bushes, but the 
objection to them lies in the fact that it is necessary to disconnect the top end bolts and withdraw the 
connecting rod before the piston rod nut can be slackened. Experience also points to the superiority of 
the flat palm top type of connecting rod in withstanding stress, while it has not the disadvantage of the 
shallow forked rod. It should be a cheaper rod to produce and that should make its appeal. A further 
suggestion for improvement lies in the substitution of gun metal or bronze bushes for the top ends, as 
these would successfully withstand existing stresses, and could be subjected to higher bearing loads with 
impunity. Any question of greater friction may, J think, be dismissed as of little or no consequence, 
while any risk of ‘firing up” is too remote to consider in the light of experience with forced lubrication. 
Resistance to wear can be afforded by the provision of case hardened steel sleeves pressed or shrunk on to 
the gudgeon pins. 

In regard to cylinder cover design, I notice that Mr. Anderson has omitted mention of what would 
appear to be the most satisfactory solution of the problem where the 48.0.SA engine is concerned, viz.:— 
dishing or diametrical enlargement of the cover on the under side in conjunction with the cylinder liner 
being bolted to it or cast integral with it. All design being a matter of compromise, I think the 
advantages of this type outweigh the disadvantages. 

As Mr. Anderson states, cylinder liner wear would cease to be troublesome were the high pressure 
gas prevented from getting behind the piston rings. I was associated with experiments carried out to 
improve the mechanical efficiency of an engine under test, when the means adopted consisted of reducing 
all the piston ring clearances to a minimum. The vertical clearance was made ‘0015 in., the gap 
between the butts *068 in., while the clearance behind the rings was ‘040 in. Tests were made to ensure 
the gap clearance being adequate, and the figure was found satisfactory. Subsequent trials of the engine 
showed a substantial improvement in the required direction, thus proving a reduction of gas pressure 
behind the rings. 

After installation on board ship, trials were carried out, but proved unsatisfactory owing to minor 
seizures occurring with most of the pistons. Investigation showed that the fundamental difference 
between ship and sea trials, lying in completely changed starting conditions, was sufficient to cause the 
rings to stick, resulting in the lubricating oil being blown past the pistons, and excessive friction 
generated. Following a slight increase in all the clearances, no further trouble was experienced. 

Now it is evident that reduced clearances offer a solution to the problem of liner wear, and [ would 
suggest that starting and running conditions on board ship should be made more in conformity to those 
apertaining during shop trials. Absolute compliance can be attained only with those engines driving 
the propellers through the medium of transformers—electric or hydraulic—but the direct coupled 
engine can be improved by thorough preheating before starting, and by attention to design, so as to 
permit the starting operation being made with a minimum quantity of fuel injected into the cylinders. 
Very gradual loading, and thus gradual heating, should enable the piston ring clearances to be 
substantially reduced, while finer guide clearances and even reduced piston clearance should be adopted. 
In the case of some two stroke cycle engines, it has been proved that a reduction of the piston skirt 
gevennee has helped to reduce liner wear, as it eliminated tilting of the piston and its effect on 
the rings. 
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In regard to piston design, I am of opinion that, in so far as at all possible, ribs should be 
completely eliminated, and the necessary strength got from an increase of wail and crown scantling. 
The piston rings can be carried in an outer sleeve separated from the inner wall if desired without 
introducing distortion. As to the attachment of the piston rod, as Mr. Anderson points out, failures 
with the orthodox flange and stud arrangement are not unknown, and I think the stress in the studs 
should be kept at a figure nearer 1,000 lbs. square inch, and a generous length of stud provided. 

Regarding piston cooling gear, in many cases this has proved a constant source of trouble, and, 
especially in two stroke single acting engines, the cause of serious breakdowns. I am of opinion, that in 
the latter type of engine the form of gear used for double acting design should be adopted, and thus 
eliminate all packing glands from inside the crank case. 

One of the great advantages of the marine Diesel engine lies in the very reduced tendency for the 
engine to race in a seaway, and consideration of this should be given in designing for flywheel effect, 
since a good compromise can be made retaining the advantages of easy starting and reasonable inertia. 

Mr, Anderson has drawn attention to the imperative necessity for good engine seating being provided, 
and I think it is now generally appreciated that the seating must be a boilermaker’s job incorporating all 
the knowledge from that trade. 

In conclusion, I would express the hope that the Committee of the Staff Association will see their 
way clear to let us have Mr. Anderson’s concluding paper on this subject at an early date. 


Mr. J. Harporrne. 


He has gone to a lot of trouble 


It has been a great pleasure for me to read Mr. Anderson’s paper. 
On page 25, section 6, for 


to give us information in a useful form and he deserves our very best thanks. 


: ; Load x Sine @ ; Pao ; 
a forked connecting rod he gives Sse Genkionnl tA rab and on page 23 he says: “It is advisable to allow a 


moderate stress on the connecting rod fork against failure when one top bearing is required to transmit 
the total piston load.” Why have this load ? Everyone does not appreciate, like Mr. Anderson, that the 


: : Wie : 5 : 
full load often comes on one side only, and the taking of F in one instance caused a serious disaster. In 


my opinion, the stress should be doubled but do away with the 2, which is a trap designers are often 
caught with. 

The table of weights (Table 2) gives a lower figure for the B.H.P. per ton than some recently built 
motor ships would appear to indicate. 

The following are some published results :— 


“ GRIPSHOLM,” “ BERMUDA,” “ AORANGI,” 
TYPE. Quad Screw Quad Screw Quad Screw 
4 8.C0.D.A. 28.C.0.P. 28.C.8.A. 
Total Weight, Bare Engines, Tons 1080 1200 1200 
Total B.H.P. 13500 18500 13000 
B.H.P./Ton a a aes 13 11:2 10°8 
R.P.M. 125 120 130 
Remarks ... Independent Dependent Dependent Air 
Air Comp. Scav. Pump. Comp. Independent 
Scav. Pump. 
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OPPOSED-PISTON ENGINES—2 STROKE CYCLE. 


4 Cyl. 4 Cyl. 4 Cyl. 4 Cyl. 3 Cyl. 3 Cyl. 
BYP ER Long Long Long Short Long Long 
Stroke. Stroke. Stroke. Stroke. Stroke. Stroke. 
BB Maine aad oh soe 90 90 90 120 90 90 
A TeR ile g.. ar ave ee 90 90 90 90 90 90 
Total Weight, Bare Engine, Tons 520 350 270 300 270 220 
B.H.P. (Service) ab vee 4500 2700 2200 3000 2000 1650 
B.H.P./Ton er aes ore 87 ak 82 10 74 75 


These figures are from actual service engines. 


Pace 19.—The radial thickness of piston rings should be made as large as possible, consistent with 
springing the ring into place, so as to reduce wear of the lower surface of the piston ring groove as much 
as possible. This is especially important after wear has taken place in the bore of the liner, when the 
rings may be subject to an appreciable amount of movement in the grooves. The depth of the rings 
should be as small as possible consistent with adequate mechanical strength. The gas sealing properties 
of a group of rings is not so much dependent upon area of ring in contact with cylinder walls as upon the 
pressure drop per ring, 7.¢., upon the number fitted, which really function as a labyrinth packing. Of 
course, rings must not be too narrow or they will have an appreciable influence on liner wear. 


In the latest type of opposed piston with cylinders of 24 inches bore, only five rings are employed 
and in this engine the firing loads are more severe than in air injection engines. Square rings are not 
good, as they have excessive rubbing surface against the cylinder liner, and insufficient ratio of lateral 
depth to radial thickness, to prevent distortion of grooves. There appears to be no reason for the 
dikerencé in number of rings given, viz. :—five rings for 12 inch cylinder and nine for 36 inch cylinder. 
The number of rings appears in practice to be determined by some function of the pressure difference 
between the two sides of the piston, probably the square root. 


Studs in Piston Rods.—'The stress of 2000 lbs. will in some cases for slow speed engines give studs 
too small, too easily stretched and broken, and too weak to make the water joint, which must be above 
suspicion. 

In calculating the stresses of bolts in bearing caps with four bolts, it is good practice to allow for 
only three bolts carrying the load, cn the principle that a three point bearing is a complete structure, 
whilst a four point support contains a redundant member. 


Paar 26.—The bearing clearances in this table appear to be excessive, at any rate for single acting 
engines. For example take 16 inch crankpin and 16 inch main bearing :— 


Clearance by Table 36. 4Cycle. 0. Piston. 


Bearing (Main) sed 16 thousandths 4to8 4 to 6 

Crank Pin... Re 9°6 to 12 thousandths 4 4 
End clearance on crankpins and main bearings should be at Jeast } inch and preferably ,*, inch each side 
(actual not drawing clearance). 


Pace 27.—Engine Framing. In large engines where the cylinders are supported on columns as in 
steam engine practice, it is desirable to provide cross bracing between front and back columns to stiffen 
the framing against vibration of a synchronous nature. The engine then becomes what might be termed 
a semi-crank case construction. 


In engines fitted with counterweights attached to cravkwebs in lieu of a flywheel, as mentioned on 
page 80, an easy means of reducing the stress on the bedplate is available, viz., if the counterweights are 
so arranged that they are not only balanced for couples and forces themselves, but are also arranged in 
such a position relative to the main cranks, that their centrifugal forces oppose those of the cylinder 
running gear, then each cylinder becomes more or less individually balanced for revolving forces, and this 
considerably reduces the stress on the bedplate due to unbalanced couples between cylinders. It must be 
remembered that, in, say, a six-cylindered engine of the four cycle type, which bas complete collective 
balance, there are nevertheless stresses of considerable magnitude in the bedplate girders due to the effect 
of the opposing couples from each end of the bedplate, and indeed the effectiveness of collective balancing 
in large engines of considerable length depends to an appreciable extent upon the ability of the casting to 
remain rigid under the action of these opposing couples. Probably the idea of utilising counterweights 
on crankwebs of collectively balanced engines originated in the desire to eliminate a certain amount of 
strain from the bedplate, rather than in a desire to do away with the flywheel. 


I trust it won’t be long before Mr. Anderson continues his paper. In the meantime I thank him 
for what he has already given us, 


Mr. J. D. Bortz. 


The author cites complexity of design and the difficulty of obtaining sound castings as contributory 
causes to the failure of cylinder covers. I venture to suggcst that the former factor now accounts for 
the great majority of fractured covers, and that in most cases of failure the cooling water space in the 
vicinity, usually between fuel valve and inlet or exhaust valve openings in 4-stroke cycle engines, has 
become almost or entirely choked up with seale. TI have in mind one fractured cover that was taken 
from the vessel and found to be completely salted up in way of the cracks. The cooling water spaces 
were thoroughly scaled and cleaned out and the fractured parts repaired by the oxy-acetylene welding 
process. On being machined the welded material showed up much more porous than usual, the joining 
of the new metal to the old was rather prominent and, on the whole, the cover looked rather a doubtful 
casting. It, however, satisfactorily withstood the hydraulic tests and, to enable the vessel to keep her 
sailing date, was replaced in the engine whil2 spare covers were immediately put in hand. It has now 
been in use for many months without developing further defects and, in all probability, will continue to 


give service for a fair period go long as the adjacent cooling water spaces are kept clear, 


Mr. Anderson mentions that the pressing of cylinder liners into their jackets in now general 
practice for all but the smallest. sizes. Up to a few years ago that was certainly the case, but present 
day practice in at least two well known bypes of engines is to make the cylinder jackets of very light 
scantling—the design requiring them to withstand the pressure of the cooling water only. 


I agree with the author in his remarks on the wear of cylinder liners. Excessive wear has, in 
several instances, been traced to gritty matter in the fuel oil, just as in steam engines the Scoring of high 
pressure cylinder liners has been accounted for by solid matter being carried over from the boilers 
through priming. No doubt when airless injection comes into its own the small fuel valve openings will 
necessitate the use of centrifugal purifiers in the oil fuel system—with beneficial results to cylinder 
liners. When two service tanks are fitted, one can be used for settling purposes and the other retained 
for the purified oil to the engines, 

It can hardly be asserted that cast iron is the most suitable material for all types of Diesel engine 
pistons, as steel castings and, more recently, forgings have had to be adopted in one well known make 
of engine. Internal ribs in the cooling space are also being dispensed with in quite a number of pistons 


—the required stiffness being taken up by the walls and bottom flanges, while heavier piston rod top 
flanges are also an advantage. 


Oil cooling of trunk pistons is now successfully carried out by separate inlet and outlet telescopic 
pipes connected directly to the bottom of the piston on either side of the connecting rod. White metal 
packing rings, working on a steel tube, form the stuffing box arrangement on the inlet side, while the 
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outlet tube dips into a much larger bore vertical pipe with expanded funnel top, and with its bottom 
end connecting to an open funnel on the front of the engine. This appears to be a more positive 
method of piston cooling than the other route, via the gudgeon pin. 

I wish to thank Mr. Anderson for his valuable paper, which contains such a wealth of constructive 
information. 


Mr. P. T. Brown. 


This paper is a particularly good contribution to the proceedings of this Staff Association and the 
author merits our thanks for the great amount of work represented and our warmest congratulations on 
its achievement. ‘The tables will be found very valuable in dealing with new types of engines—of which 
there seems to be no limit. That the author intends to deal further with his subject at a later date is a 
matter of satisfaction to this Association. 

Tam not quite in agreement with the view that the dimensions of bearings be proportioned to the 
mean load. The conditions he imposes almost suggest that he is not quite sure himself, The 
preservation of the oil film is entirely contingent on maximum load. ‘The increase in power weight ratio 
of the Diesel engine has been effected by raising the M.E.P. and, consequently, mean bearing load 
without any increase of maximum load. Why negative this by increasing the length of bearings which 
means an increase of all dimensions. 

I do not know what is the author’s experience, but I find considerably less trouble now with cylinder 
covers than formerly. It would seem that the fundamentals of design are now better appreciated and 
the author's exposition of these is a most useful part of the paper. Trouble is to be expected with bosses 
and with ribs, but running ribs into bosses, as is sometimes done, is absolutely asking for it. A well 
known continental firm adopted the method, described by the author, of fitting steel tubes for the 
reception of fuel valves and through the hole for cover studs. Those for the former purpose were not 
free from trouble, but it is largely a case of method of fitting and jointing. 

The causes of wear in liners are admirably stated, but should not “unsuitable material” have been 
an additional cause? Abrasive dust from the liner itself is not unknown as the cause of excessive and 
rapid wear, and evidently the author has this in mind in advocating a cast iron of close grain and good 
Wear resisting qualities, A cast iron for liners requires relatively a high percentage of combined carbon. 
This has to be obtained at the expense of the free carbon, and here lies a difficulty, for the free carbon 
in cast iron is valuable as an anti-friction constituent—a combined lubricant as it were. One firm who 
used to turn out very good liners used a mixture containing 2°2 per cent. free carbon and 1°1 per cent. 
combined carbon and ‘9 per cent. silicon. The average for steam cylinder liners will, I think, be found 
in the vicinity of 2°1 per cent. free carbon, *9 per cent. combined carbon, and 1°1 per cent. silicon. Can 
the author give us any information on this subject ? 

I think the method of casting liners, too, has a lot to do with their wearing qualities. A very large 
header ensures a very sound casting. 

Whilst agreeing, in a general way, with the author’s contention that cast iron is the most suitable 
material for pistons, one must, in view of the adoption of steel by some firms of great experience, 
consider the reasons which have prompted this step. 

___ To obtain sufficient strength the crown plate must either be very thick or be severely dished. If the 
former, there exists the probability of trouble through cracks caused by heat stresses, and if the latter 
method is adopted, coring difficulties result in a thick mass of metal at the junction of crown to sides, 
which the cooling medium cannot adequately deal with. In one design of 2-stroke engine bad erosion 
of the piston walls in way of exhaust ports resulted from this cause. 

Kor the consideration of the scantlings of engine seatings the comparative weights and dimensions 
given by the author will be found useful. Even in steam jobs built seats often gave trouble, and many 
will remember a particular vessel (not classed in L.R.) wherein repeated steam pipe fractures were 
attributed to the working of the seating. In view of the comparative flexibility of structural steel work 
the length comparison is one particularly to bear in mind. It is stated that bed plates should be of 
ample rigidity to deal with the internal forces. But is this sufficient? Bed plates are nothing like so 
rigid as they appear—the author is apparently cognisant of this, vide the remarks on tie rod—and any 
movement in the vessel’s structure in way of the engines will soon make itself known to the shafting. 

1 again thank the author for his lucid and informative paper. 


REPLY BY THE AUTHOR. 


The object of the paper was to present a brief general survey on Diesel Engine Design by avoiding, 
wherever possible, references to the merits or demerits of the various makes of engines, and also 
descriptive matter relating thereto. The omission of descriptive references, although a severe handicap, 
had the desired effect of limiting the scope and, incidentally, the size of the paper, so that attention was 
confined to what might be described as essential matter, more or less applicable to all types of Diesel 
engines. 

Several defects and failures experienced during manufacture and on service were mentioned to 
convey some idea of the difficulties to be surmounted, and to indicate some of the factors which should 
not be overlooked in future designs. hose referred to are not intended to represent all the troubles 
encountered in practice, though they may be taken as typical cases. 

Tables Nos. 1 and 2 were included for the purpose stated, namely, to give some idea of the 
distribution of machinery weights, and also as a gentle reminder that the water in the boilers of steam 
installations should not be neglected when making comparisons. 

For the particular types of machinery mentioned, the figures quoted are considered quite reasonable 
and may be said to approach the average, but for real economy in weight the high pressure steam 
turbine with water tube boilers and the 2 8.C. Double Acting Diesel Engine are attractive propositions. 

The foregoing remarks answer several of the questions raised in the discussion. 

The formula for determining the weight of engines, referred to by Mr. Beveridge, is considered 
suitable for all types of engines constructed on the unit system, 7.¢., engines of one or more cylinders of 
equal dimensions and working on identical cycles, provided the deductions are confined to similar types. 

Mr. Beveridge draws attention to the use of a copper ring for maintaining water tightness between 
the lower end of the cylinder liner and the jacket. Copper is a particularly suitable material for joints 
of this type and, from evidence so far available, no trouble appears to have been experienced with 
corrosion in the vicinity of these rings. 

The eccentric loading mentioned is due to severe local friction, which generally precedes a piston 
seizure, and is responsible for tilting the piston, accounting for, in several cases, broken studs and a 
fractured flange, diametrically opposite one another, at the piston rod attachment to the piston. 

The thickness of the cylinder liner at its lower end is more or less governed by foundry 
requirements. 

Mr. Edwards mentions that cylinder covers continue to give good service after the development of 
cracks, provided reasonable care is exercised, and thinks this defect is unduly stressed. While that is the 
vase, the fact remains that they are defective in design, and although cracks allow such covers greater 
freedom from internal stresses and better provision for expansion, it is preferable to improve the design 
than provide covers suitably cracked to withstand the working conditions. 

The nature of the breakdown will decide the cylinder, or cylinders, which require to be cut out, but 
if it is possible to select the units, the two aftermost cylinders may be cut out in almost any main engine 
Without increasing the stress on the crankshaft. In such a case, the running gear should not be dis- 
connected, unless this is unavoidable, to preserve the condition of balance. Otherwise, the reciprocating 
forces and couples will be out of balance and set up vibrations even at the reduced speed of revolution. 


In reply to Mr, Dorey it should be pointed out that vertical loading is adopted for all the bearings 
as indicated in Fig. No. 6, where the vertical component of the centrifugal force is shewn, and these values 
could only be combined with curves representing loads acting in a like direction. It was thought 
unnecessary to mention this point. So far as the connecting rod bearings are concerned the actual 
resultant loads are practically vertical, but in the case of the main bearings a slight discrepency is 
introduced by neglecting the horizontal component. 'T'he actual resultant is only slightly in excess of the 
combined vertical load and scarcely warrants investigation, since for purposes of stressing the main 
bearing bolts, covers and bedplate girders, the vertical load is the criterion. 

If the 2 8.0.8.A. engine bearings, mentioned by Mr. Dorey, are proportioned on the basis of mean 
loading, reasonable allowance will be made for non-reversal of loading, and in this respect and also as 
regards lubrication the behaviour of these bearings should differ little from those for 4 $.C,8.A. engines, 


f=) 
having only a slight change in the direction of loading, as indicated in Table No. 11. 


3D? 
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Mr. Dorey will understand that columns are not generally adopted in Diesel engine practice, the 
“A” frame and crankcase construction with cross bracings being favoured. The lateral bracings render 
it difficult to investigate the effect of the guide reaction on the framing, such calculations would be very 
approximate and could only be used to give a relative conception of strength. 


The following, in answer to Mr. Dorey’s query, is a simple formula for determining the size of 
straight shafting with reference to the desired degree of irregularity, viz. :— 
K 


“A” (as given in Society’s Rules for Intermediate Shafting) = 156 (A—BKR®) 


; : : : A 
where K = coefficient of fluctuation of speed which cannot be greater than given by By Re 


A, B and R as previously stated in section on flywheels. 


Having ascertained the value of “ A”’ (as given in the Society’s Rules) the value of C for calculating 
the size of the intermediate shafting can be determined in the usual way, then :— 


rece iene 
Intermediate shaft diameter = Cy/ D’x'8 


This appears to demonstrate that the section dealing with flywheels is useful for marine as well as 
land work. 


Anent Mr. Dorey’s remark that the variations of engine torque at the aftermost crank may not 
coincide with the variations of torsional stress in the shafting, this point is well illustrated in cases where 
a reduction in the size of the shafting is accompanied by a reduction in stress, the engine torque 
remaining the same. 

Mr. Blocksidge enquires if the space required for a Diesel installation can shew any distinct saving 
compared with that for steam reciprocating or turbine engines. It is difficult to generalise on this 
subject, though various claims are advanced in favour of the Diesel engine, but the author regrets that 
the absence of information prevents further comment on this very important question. 


In reply to Mr, A. J. Brown :—The mean load determines the dimensions of the rubbing surface of 
the bearing, while practical experience of manoeuvring conditions governs the allowable stress and 
deflection for the bearing housing and supports, the necessary adjustments being made so that strength 
calculations can be based on the normal maximum loading. As the high pressure in the cylinder daring 
manceuvring is experienced, at times, in almost every type of Diesel engine, the dimensions of a particular 
bearing, proportioned on this basis, would be common to all types of engines having the same cylinder 
diameter, which of course is not the case In practice. 


The use of contaminated oil is disastrous to any bearing, however well proportioned, and every 
precaution should be taken to prevent extraneous matter gaining access to the bedplate sump. If the 
reduced surfaces on the top half main bearing bushes, mentioned by Mr. A. J. Brown, were adequate to 
take the inertia and centrifugal loads, the excessive wear on these bearings was probably caused by lack 
of balance in the vertical plane. It is not considered good practice to reduce the surface of the top half 
of main bearings in auxiliary engines as the number of cranks seldom permit of an arrangement to give 
complete balance. 

The flat top type of connecting rod has many advantages, some of which are outlined by Mr. A. J. 
Brown, though unfortunately it is particularly suitable to an objectionable type of crosshead. ‘The crosshead 
in question is formed by an enlargement of the piston rod end into which the gudgeon pin is shrunk, the 
overall dimensions must permit of the whole being drawn through the cylinder. The flat butt of the 
connecting rod can, however, be arranged fairly close to the piston rod, while short cast steel distance 
pieces of ample rigidity provide the housings for the bottom half bearings. Where the usual type of 
crosshead is fitted, somewhat longer and less rigid distance pieces are necessary to carry the butt clear of 
the piston rod nut, though shorter distance pieces may be used in conjunction with a recess to clear 

he nut. 

As regards weight, there appears little to choose between the flat top and fork types of connecting 
rods, and, as regards cost, the former can show a slight reduction, only when some of the more costly 
operations usually associated with the latter, such as slotting, milling, and planing, are eliminated. 
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Mr. A. J. Brown suggests fitting gun-metal or bronze top end bushes, as in steam practice, and the 
provision of case-hardened steel sleeves on gudgeon pins to resist wear, 

Heavy crosshead brasses may resist cracking better than thin white metal linings in connecting rods 
with weak forks, but that would not justify a reduction in bearing surface. Resistance to wear can be 
afforded, without resorting to a sleeve, by case-hardening the gudgeon pin bearing surface in trunk piston 
engines, 

The coefficient of fluctuation of speed for marine engines should be governed by the requirements 
of the service, and all the factors which are peculiar to this service should determine the fly-wheel effect, 

In reply to Mr. Harbottle:—The method shown for stressing the connecting rod fork is based on 
normal conditions of loading and true alignment, the stress being adjusted to give scantlings suitable for 
the abnormal conditions occasionally experienced in practice. Mr. Harbottle will appreciate the fact 
that greater difficulty is experienced in producing liners of true circularity as the cylinder increases in 
diameter. ‘To maintain piston tightness, the foregoing suggests that the number of ‘piston rings should 
increase with the cylinder diameter, 

Complete unit balance, as mentioned by Mr. Harbottle, reduces the stresses in the bedplate, a very 
desirable, but difficult condition to obtain, except perhaps in opposed piston engines having three cranks 
per unit, where the only unbalanced force is a small one in the vertical plane. By a suitable arrangement 
of cranks these forces, and their couples, can be wiped out. Jn addition to balancing the revolving forces 
per unit, and thus wiping out their couples, counter weights, which are suitably arranged throughout the 
engine, also permit of a progressive reduction in twisting moment along the crankshaft. 

Assuming that the maximum pressure, stroke and revolutions remain unaltered, the power of an 
engine may be augmented by increasing the mean indicated pressure or the cylinder diameter. In the 
first case the maximum load remains unchanged and the torque is increased, while both the torque and 
maximum load are increased in the second case. In both cases larger shafts and bearings are required, 
the latter on account of the increase in mean loading. This appears reasonable, as the augmentation of 
power is the same in both cases, though on the basis of maximum loading, as suggested by 
Mr. P. T. Brown, only the bearings in the second case would require to be increased. 

Further, as stated in reply to Mr, A. J. Brown, the maximum load takes no account of the type of 
engine, giving equal sizes of bearings for the same cylinder diameter, a course which is not adopted in 
practice. 

Cylinder liners manufactured by the centrifugal casting process are noted for their general soundness 
and wear resisting properties. Several of these liners have been tried out in Diesel engines with 
excellent results. 

In answer to Mr. P. T. Brown, the following is the chemical composition of a material used for 
centrifugally cast liners ;— 


Total Carbon As ne one 3°00 
Combined Carbon ... ; oh 0°97 
Graphite... ie Ae is 2°08 
Silicon ar ax ane a 1°31 
Manganese... or is ae 0°42 
Sulphur... i ¥e ae O11 
Phosphorus... is 0°34 


Mr. P. T. Brown and Mr. Boyle may agree that for general popularity cast iron can claim to be, 
as stated, probably the most suitable material for pistons, Forged steel pistons have, however, given 
excellent results, jhe it would be interesting to know how the cylinder liners fared. 

The author desires to thank the members who contributed to the discussion for the criticism and 
valuable suggestions, 


THE NATIONAL EXPERIMENTAL TANK 


WITH PARTICULAR REFERENCE 'O ITS POSITION IN 
THE INDUSTRY AND ITS MORE RECENT WORK. 


By G. 8. BAKER, 0.3.x. 


READ FEBRUARY 15TH, 1928, 


I propose to divide my lecture into two parts—the first a short one dealj ng with our work in general 
and our outlook, and the second dealing with recent changes and advances in experimental technique and 
with the more recent researches of the Tank, 


HISTORICAL. 


The 'Tank was built for the general advancement of British Shipping and Shipowning, the capital 
cost being met in the main by Sir Alfred Yarrow. Sir Alfred’s offer to build the Tank was accompanied 
by the conditions that provision should be made for conducting 


(1) Research work, 


(2) Investigations of a confidential character which private firms may desire, and for which 
they would pay suitable fees. 


This offer was accepted by the Council of the Institution of Naval Architects. The Institution was 
responsible for some years for raising the funds available for research, and we have to thank Mr. Dana 
for his unflagging efforts in this task. 


The Tank was built as a department of the National Physical Laboratory and comes under the 
general rules of that Institution. The Laboratory was originally established as a Public Institution for 
“standardising and verifying instruments, for testing materials, and for the determination of physical 
constants.” In April, 1918, it became part of the newly constituted Government Department of 
Scientific and Industrial Research. 'The Royal Society, at the request of the Department, still continues 
to control and advise on the work from its scientific aspect. 


Certain rules which govern the conditions under which work shall be done for private firms are 
common to the whole Laboratory, but there are certain additional ones special to the Tank. The main 
principles of these rules are : 

(1) All such work is strictly confidential, and the details are the property of the firm 
concerned, 
(2) The cost of the work must: be covered by the firm. 

There is an Advisory Tank Committee, consisting of representatives of the various technical 
societies, the Royal Society and Chambers of Shipping, and this Committee, from time to time, make 
recommendations as to the research work to be carried out, the conditions under which work is done, ete. 
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Firm's Work. 


The type of work done for firms varies considerably. The testing of several different variations of 
a hull or its propellers, all particulars of which have been settled by the firms concerned, is carried 
through in the standard way. A report is sent giving the results as curves of power and efficiency, the 
documents and results are put away and the matter is concluded. Such results are not disclosed to 
anyone without the permission of the firm. 

The next step up from this is a design sent in which shows faults on tests. These faults are pointed 
out. In some cases firms attempt to remedy the fault themselves without further tests. In others we 
are asked to advise as to what modification should be made, and this advice is always given, and the firm 
strongly advised to test the modified form to ascertain that our remedy is a good one. 

The next category includes all those cases in which the Tank is responsible for the original set of 
lines. This covers such cases as a firm requiring a hull to satisfy conditions the same, or nearly so, as one 
tested years ago. A new form is then lined out, based on the old one, in the light of our later experience. 
In several cases only dimensions have been received from firms, and in one case the hull was designed 
around the engine. 

The last type deals with the propellers. Several modifications of propellers have been introduced into 
practice by the Tank, and, when conditions are suitable, firms are advised and assisted in obtaining any 
advantage from these changes. Such alterations are made in order to secure better propulsive efficiency. 
Recently we have endeavoured to so arrange the propeller that it shall be suitable for work with the main 
engines as well as for propelling the ship. 

All this work of advising firms as to the best way of achieving a good result must depend in the main 
upon research work completed. The general result cannot be regarded as the property of the firm whose 
model or propeller has been altered, but only its particular application. 


VISITS AND ADVICE. 


When the fees for tank work were arranged, one thing the Committee had in view was to encourage 
a firm to proceed with tests of modifications so that some real advantage might accrue from the work. 
For this reason, modifications are tested at quite low fees. In this work we find it a great advantage to 
get the shipbuilder or engineers’ designer and the shipowner or his superintendent at the Tank. The 
need for modification can be urged, the probable effect of a given modification can be stated roughly, and 
both builder and owner can usually be relied on to see that our object is to help them both to the best 
possible compromise. 

The technical staff of a firm whose work is being tested are always welcomed. It is counted as part 
of the duty of a National Tank to instruct and to inspire our visitors to apply science in naval architecture 
and to talk over, not only our own, but the work of other tanks so far as it is known to us. 

No British firm has ever written to us about any point or trouble connected with ship design or 
running and been refused help when it was within our capacity to assist, and when this could be done 
without tests it has been done without fee of any kind. When we have been asked as to whether a 
particular invention could be used on a certain ship, as a rule we have suggested tests as a means of 
answering the question, but when we have known that it would be useless the firm have been so informed. 
Although our work is essentially and nominally that of testing and reporting results, actually a great 
amount of trouble is taken to see that the results are properly applied to the ship, and that engine, 
propeller, and hull are all suited to each other. 

Our most difficult problem is the testing of patent devices connected with ships. The practice of the 
Tank is to ask the patentee for his device to be drawn out in full detail, and to try it as supplied. From 
this point onward his treatment is the same as that of any builder, and he is given the same encourage- 
ment and help when there seems a possibility of a good result. Our report is necessarily limited to a 
statement of fact and results obtained. 

When requests for test work involve matters on which experiment data are incomplete, and which 
are of broad application in the industry, the tank in many cases has combined a certain amount of 
research work with the tests, and the results obtained have been made available to firms without waiting 
for any formal publication of the research. 
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Tue TANK or Fun USEFULNESS. 


Before leaving this first part of my lecture I should like to dwell on what might be called “the tank 
of full usefulness.” We should have time to conduct systematic research, and staff and facilities for 
doing this. Our work should include, for all important and new types, the checking of ship result 
against the estimates based on tank tests, and should also cover the collection and analysis of the work of 
other and foreign tanks, so that the new knowledge it represents is available for British firms. With the 
best endeavours in the world it is not possible to approach this condition without increase in expense, but 
placed against the capital cost of running the Britieh mercantile fleet our costs are microscopic, and we 
hope that in time a more enlightened attitude will be taken, and that the financial stumbling block will be 
removed from our path of progress. 


THE PRACTICE OF TESTING AND ESTIMATING. 


The method of testing a ship model hull and propeller at the time the National Tank was built was 
the same in all tanks. The combined action was considered as made up of three parts which could be 
separately tried and separately dealt with, viz.; the hull shape, the interaction between hull and 
propellers, and the propeller itself. The hull was tested by itself without any appendages in this country, 
but more often with them elsewhere. The conditions existing behind the hull were measured by tests of 
the propellers behind the hull, slung on frames apart from the hull so that their thrust, etc., and the 
augment of resistance of model due to the screw action could be measured. The propeller dimensions 
were then calculated from a standard set of experimental data for propellers in open water so that they 
satisfied the wake and interaction found with the model, and delivered the power estimated from the 
hull tests. 


This method of dividing up the problem was developed by Froude largely for tests of war ships, 
but it has obvious advantages for mercantile ship tests, A hull form can be determined without any 
delay for the tests of the propellers and settlement of propeller dimensions, so that the ship draughts- 
man can quickly get forward with his lists of material for ordering, and the scrieving in can be started 
for the greater part of the hull form. 


The effective horse power for ship was obtained from the model by deducting from the model 
resistance a certain proportion representing the difference between the frictional resistance of the full 
size ship and the model hull. This deduction was based on W. Froude’s 50 ft. plank frictional data, 
extended to greater lengths by W. Froude (later slightly modified by R. E. Froude) by assuming that 
the resistance of any unit area beyond the first 50 feet was the same on all lengths. 


Nationa TANK PROPELLER TESTS AND REPORTS. 


The first propellers were tested in the Teddington Tank during 1919, and the tests were carried out 
in the Froude way, i.e., wake and thrust deduction measurements being made, the dimensions and 
efficiency were settled with the help of Froude’s standard propeller data. For the first few hulls these 
tests were made without the propeller bossings on the hull, but it soon became apparent that the effect 
of these bossings was very considerable, and after a few months the practice of always fitting them for 
firms’ tests was adopted. It was apparent first, that to supply firms with the bald statement of wake, 
thrust deduction, and hull efficiency results was not satisfying their needs, and second, that unless such 
data was used with considerable caution, it might lead, in some cases, to serious errors being made in 
propeller dimensions. 


From the beginning, attempts were made to ayoid these troubles by measuring the power absorbed 
by propellers behind hulls, but to do this with any accuracy was a very difficult problem. I may pass 
over an intermediate period during which our apparatus for measuring torque was improved, and several 
methods of analysing and sending out data were tried. 
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PRESENT PRACTICE. 


For the last few years firms have been informed as a result of tests, of the wake and hull efficiency 
values, the actual revolutions a given screw will make under a given set of conditions, and for this last 
year or so, the power it will absorb under these conditions. Modifications in the propeller are suggested. 
In order to achieve an efficient propeller, its pitch, blade area and sections are changed, so that it 
efficiently connects the ship engine and the hull. In other words, our report covers not only the test 
data, but its application to the ship, in a way which is intelligible to an average draughtsman. 


In taking this important step, apart from experimental accuracy we have to be sure of one very 
important thing—a method of stepping from model to ship, and the last few years have been spent in 
the attempt to find one. Before passing to this I should like to go back, and deal with the changes in 
technique of tank work. 


Move oF TESTING. 


When the tank was built, the question had to be decided whether to tow the models (a) so that they 
could move freely fore and aft below the towing carriage, or () in a position fixed relative to the carriage. 
In both cases the towing force is taken on a spring but in (a) the carriage end of the spring was fixed 
and the model free, whilst in (b) the model end was fixed and the spring elongation was effected by 
moving its support or attachment to the towing carriage. After some trials of an experimental dynamo- 
meter it was decided to follow method (a), because of its simplicity and its certainty. A few years after 
this Herr Gebers utilised the method (6) for testing propellers behind hulls, following the Froude method 
of testing in general outline, and in Gebers’ tests both hull and propeller were unable to move relative to 
the towing carriage more than a small fraction of an inch. This was a considerable advance, and when 
later on the National Tank screw gear was designed, it was so arranged that this method could be 
adopted. But as the ships which we were called on to test were largely slow speed ones in which the 
resistance even at uniform speed was not steady, the scheme adopted for trial was one which allowed the 
propellers to move a little and gave us a fairly faithful account of the variations of resistance and thrust 
taking place. This has always seemed important to me, and was our main reason for adhering to this 
method, although the Gebers’ method was fully appreciated. 


THE INTERNALLY PROPELLED MopEL. 


With increasing knowledge it has become apparent that the action of certain types of fittings about 
the propeller can be important ; but when the propellers are carried on external frames these are liable to 
interfere quite seriously with the action of such fittings, ‘To overcome this difficulty, the experiment 
tanks have devised means for propelling the models from inboard. In the Vienna and Hamburg tanks, 
measurements of both power and thrust on the propellers can now be so made. In the National Tank 
Wwe have one apparatus for a single screw ship for this purpose, and a number available for measurement 
of power only, on any number of shafts. This method involves more time and labour in preparation 
than the Froude method of carrying the propellers on separate frames aft the model, and for this reason 
is not generally adopted for single and twin screw ships. For hulls with any fittings (such as blades or 
rudders) around the stern, it is the only method which can be used with any accuracy. With multiple 
screws, either triple or quadruple propellers, it was found that when tests were made with the propellers 
carried on frames aft of the model, te frames necessarily came close to each other and the model, and 
there was considerable reaction between the model and frames. This reaction unfortunately varied 
considerably with the propeller revolutions, and it was therefore impossible to correctly measure it. Tor 
this reason tests of hulls with triple or quadruple screws are made with these screws driven from inboard. 
Centre and wing screws are driven by separate motors, and the revolutions of each shaft can be varied 
independently and the power absorbed can be separately measured. 
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PowreR MEASUREMENT IN MODELS. 


Mor such measurements to be of real use, it is necessary for them to be accurate. The accurate 
measurement of thrust within errors of + 1 per cent. is not a difficult matter, but the measurement of a 
small twisting moment of a few inch lbs. on a shaft making from 500 to 1,500 revolutions per minute 
presents serious difficulties. Our present method is to measure the twist on a coiled spring. The total 
free length of the spring wire is about 5 feet and under full load the twist may be 8°5 inches. This 
record is taken directly, i.e., the actual movement of the spring is recorded by itself without the inter- 
vention of any apparatus which may get out of order. The same gear is used in our tests by the Froude 
method and in self-propelled models. Trouble is liable to arise in the Froude method from variation of 
friction in the two sets of gear wheels necessary in the drive, and in the self-propelled tests in the 
universal joints and stern tubes. To meet these troubles tests of the friction are made during the 
morning, afternoon and evening tests, and with the Froude gear, as the friction is a little greater, when 
time permits these tests are duplicated. 


On the continent in self-propelled tests the torque spring is much smaller and its movement is 
enlarged, and in America the driving motor is itself slung on knife edges, and the torque reaction on the 
motor fields is measured. 


One other point may be mentioned here. It is our usual practice to test ship propellers behind the 
hull at one speed of advance with varying slips (corresponding to fine or bad weather). In the 
continental tanks and at Haslar the tests are made at several ship speeds with propeller at the 
revolutions for those speeds, which really reduces to a fixed slip in most cases. This change was made 
because of the conditions of service in the mercantile marine, and we see no reason for departing from 
it in the usual model test. 


RECENT RESEARCH { WORK. 


Application of Model Data to Ships.—When the experimental work is complete and curves of 
resistance, propulsive efficiency and the revolutions of screw at service speed have been obtained, it still 
remains for this data to be applied to the ship. 


The skin friction correction in passing from model to ship is fairly well understood. Froude’s data 
on this subject was reduced by the tank in 1915 to one single curve. The exterpolation of this curve has 
been a standing difficulty, but I will come back to this lateron. The frictional value of the model surface 
(which is paraffin wax) has been tested against that of a number of paints and found to be the same, 
provided these paints have a normally smooth surface. With a hard paraffin wax there is a liability to 
the surface friction being abnormally high unless care is taken, and some unusual model results obtained 
are believed to be partially due to this defect. 


A third difficulty is to determine which point on the curves of propeller thrust and torque behind the 
model gives the “correct self propulsion for ship.” This is being determined from part of the data 
obtained in two different investigations, which will be dealt with later. Fortunately the propulsive 
coefficient is not greatly sensitive to the revolutions, and this has usually been given at the point of self 
propulsion of model, with one-half the bossing resistance deducted. 


In passing I may mention that at Spezia, when a first class ship has been tank tested, the propellers 
are settled by tests in Spezia harbour, on a model about 50 feet in length. Standard apparatus for 
internal propulsion with recording gear to take thrust, torque and revolutions can be fitted in such a 
boat, and the “crew” is drawn from the tank staff. Tairly large propellers can be used, and serious 
doubts about application are largely overcome. 


In order that ship estimates based on model work should be reasonably accurate, a series of 
researches have been in progress for some years. 
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CHECKING THEORIES. 


The underlying theory of model resistance has been partially checked by comparing the measured 
resistance and wave making of several ship models, with the resistance and wave making calculated from 
formule. This work showed fairly good agreement in the position of the wave resistance humps, etc., 
with good agreement in resistance with narrow beams, the calculated resistance being a little greater than 
the measured, with large beams. 


A very laborious analysis of the wake of a model propeller has been undertaken to determine 
whether the wake obtained by Froude’s analysis was reasonably close to the actual, and to compare the 
rotative efficiencies obtained by Froude’s method with those calculated from other model data. This 
work has been completed only for single screws. The results suggest that the wakes are genuine, but 
that for such forms, Froude’s method of analysis gives relative rotative efficiencies higher than the real 
ones, the error amounting to 7 per cent. in the case worked out. 


Suip Resistance, EstimaTED anD AcTUAL. 


The above work concerns only the model data and the theory by which it is to be applied to 
the ship. For this application we must know or assume values for the skin friction of the ship, its 
appendage and still air resistance, and the increase in power necessary at sea. Hach of these items has 
been taken up. 


First, an endeavour was made through the Technical Institutions to obtain a full scale test of the 
resistance of a ship hull. This failed, and the alternative of measuring the propeller thrust required for 
en was accepted in its place. The actual thrusts of a few single and twin screw vessels with 

ichell blocks have been measured with apparatus made in the tank. These thrusts serve as a check, 
first on the thrust estimated from model, second, on the thrust to a base of slip, derived from the model 
screw. The data accumulated all point in one direction, and suggest that our estimates of thrust are 
some 8-12 per cent. lower than the actual. The errors in power are much smaller than this. The 
thrust difference is supported by Dr. Kempf’s recent work on the “Hamburg,” his measured resistance 
of a piece of the ship’s surface being considerably higher than that given by Froude’s friction data as 
it is usually extended to ships. 


The direct comparison of screw thrust to a basis of nominal slip in model and ship has been possible 
in only two cases, both single screw ships, and in both of these the estimated and actual thrusts compared 
very well. In the twin screw ships, the ship screws were slightly different from those of the model, and 
direct comparison has not been possible. 

The power lost due to appendages was dealt with in 1915. All appendages become very small on a 
model, and are subject to considerable “ scale effect ” i.¢., their resistance coefficient vi increases as their 
size diminishes. A means of correcting for this as regards resistance has been adopted, based on our 
tests, and to avoid scale effect with propellers, we try to avoid working with any screw less than five inches 
in diameter, as it is known to be present with smaller screws. 


SEAWORTHINESS. 


Our third research is concerned with the power lost at sea and in air resistance. Mr. Kent has now 
made five voyages in different ships in all sorts of weather, and conducted many experiments on ship 
models in rough water. Much valuable data have been accumulated (and some of it published) as regards 
behaviour of ships at sea, the power required for propulsion in average and in bad weather, the ability of 
ships to use their power in bad weather, and the factors which make for a clean easy ship in rough water, 
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OTHER Fut ScaLE Work. 


With the results of these three researches our aim is to design hulls and by Saab for average weather 
at sea, direct from the model results. Our ability to do this depends upon the support received from the 
shipbuilders and owners. — [t is necessary that we shall attend trials and make more ship voyages, and in 
some cases take our own data. It is necessary that reliable measurements of power, torque, thrust (one or 
more of these) shall be taken. If no other means are available, indicator card measurements are taken 
for what they are worth. But I would like to emphasize that with a modern oil engine, the average depth 
or thickness of these diagrams is only about 0°25 inch and that they are liable to a number of serious 
defects not always easy to detect. ‘Torque and thrust are much more reliable ; both have their troubles, 
the determination of the zero for torque is troublesome but quite definitely possible with either the 
Moullin or Ford apparatus. The thrust requires always to be corrected for the trim of the ship. We 
require more assistance in this work before it can be said with certainty that the model data can be applied 
without failure. 


OTHER RESEARCH AND TEST WorRK. 


So far I have dealt with the main branch of our work, and propose now to mention briefly subsidiary 
tests and researches being undertaken. 


Manoeuvring of Ships.—Quite a considerable amount of work has been done on the manoeuvrability 
of ships in both deep and shallow water. Four papers giving details of this work have been read by 
members of the staff. The pressures on, and steering efficiency of, several types of rudders on various ship 
forms have been defined, and the conditions which must be achieved for reasonable steering capacity in 
shoal water have been ascertained. Several ships have been re-ruddered after such tests and have been 
materially better for the change. 


Paddle Steamers.—A number of paddle steamers have been put through the tank, and in this way 
the best fore and aft position, and correct height of the wheels have been ascertained. The “Golden 
Eagle” on the Thames is one of our later examples. 


Barges.—A research on barge forms was commenced about a year ago, and new forms of barges have 
been tried in comparison with the standard Thames dumb barge. These tests have been made mostly 
with trains of barges behind a screw tug. Recent results show that the resistance of these barges can be 
materially reduced, and that a train can be designed having a resistance only about one half that of the 
present barges, satisfying all port regulations and carrying the same cargo. 

Flying Boats.—Since 1912 a very large number of tests of models of flying boats and seaplanes 
have been tested. The total number of papers published by the tank is 21 as regards such tests. In 
addition to this a great deal of full scale flying boat work has been done by the staff and 5 papers on this 
phase of the work have been published. ‘These tests include a very interesting comparison of the 
resistance of a flying boat estimated from model data and measured by towing the actual machine. The 
results obtained justified the methods adopted in obtaining the running angle and resistance of these 
forms. Unfortunately owing to the great pressure of mercantile work, very little such work has been 
done during the last two years. 


RESULTS AND FUTURE WorK. 


On our programme of research are two or three items with which little or no progress has been made, 
although they have been on the programme for a year or two. These include the measurement of the 
wind resistance of hulls (only one form has so far been tested), the backing and stopping power of 
propellers, and a research on coastal and tug boat forms. In addition to these we have the researches on 
manceuvring, the analysis of ship wake and propeller efficiency, and rough water work. I need not stress 
the importance of all these items before such an Association. We have done our best to make progress 
by working the tank for very long hours. A greater output really demands greater facilities which means 
a greater income and further tank facilities. 
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Before concluding I should like to say that we are prepared to make any investigation into the 
propulsion or working of ships under any conditions, where, in our opinion, our special knowledge and 
facilities can be used. Apparatus would be developed and made for any such tests. The types of hull 
already dealt with include such various forms as destroyers, battleships, cruisers, Atlantic liners and 
intermediate steamers, cargo, passenger and pure ocean going cargo tramps, and coastal cargo boats, tugs, 
ferries, shallow draught vessels for river work, special vessels such as submarines, hoppers, dredgers, 
yachts and motor boats of all kinds. Special apparatus has been made and new methods adopted for 
testing each of the latter types. An approximate idea of the amount of time devoted to the testing of 
the main types of ships can be obtained from Table 8. Approximately 25 per cent. is spent with cargo 
tramps (ocean and coastal), and one-third the time with the faster type of cargo vessel. 


To show the effectiveness of the work, a summary of the number of designs tested during the last 
four years, of the average results obtained in the period, and some typical results taken from the work of 
the last half year in 1927 are given in Table 4. None of these examples have been given in previous 
similar tables. 


Lastly in Tables 1 and 2 are given lists of papers and reports containing the results of researches 
carried out at the tank since its inception. These have been divided into two main categories, mercantile 
and aeronautic. It is a matter of great regret that owing to lack of facilities, research work on the form 
and propulsion of flying boats has ceased in the National Tank, for the last year or so. But the continuous 
expansion of mercantile test work, which constitutes the ultimate reason for the existence of an 
experiment tank, demands continuous research on problems connected with the running of ships, and the 
general growth of all this work has slowly ousted the greater part of the aeronautical work. 


Thirty research papers connected with the mercantile marine have been published, some dealing with 
the theoretical aspects of ship propulsion, others with more directly practical subjects, such as ship form, 
propellers, manceuyring of ships, stability, rolling, seaworthiness and behaviour in rough weather. 


We have a long research programme approved by the Advisory Committee, on which Lloyd’s 
Register is represented, and we look to such Associations as this one for support in carrying on with our 
research. Such work is increasing in other countries whose mercantile marine and shipbuilding are 
competitive with our own, and if this country is to maintain its position in these world industries, it 
must maintain its research. 


TABLE I. 


List or Papers AND Reports on EXPERUIENTAL WORK CONNECTED WITH THE MERCANTILE 


MARINE CARRIED OUT AT THE TANK SINCE Its INAUGURATION IN 1911. 


TrrtLe Or PAPER. 


AuTHOR. 


REFERENCE. 


Report of the Experimental Tank Committee 
(1908) 


The William Froude National Tank and its 
equipment. Part 1 


The William Froude National Tank and its 
equipment. Part 2 


The effect of Bilge Keels on the Rolling of 
Lightships. Parts 1 and 2 


Methodical Experiments with Mercantile Ship 
Forms 


Effect of Form and Size on the Resistance 
of Ships 


Model Experiments on the Resistance of 
Mercantile Ship Forms 


Some notes on the design of Floats for Hydro- 
Aeroplanes 


Further Model Experiments on the Resistance 
of Mercantile Ship Forms and the influence 
of length and prismatic coefficient on the 
Resistance of Ships 


Notes on Model Experiments 
Skin Friction Resistance of Ships, and our 
useful knowledge of the subject 


The immediate Commercial Advantages of 
Experimental Tank tests 


The Effect of the longitudinal Motion of a ship 
on its Statical Transverse Stability 


G. S. Baker 


G. S. Baker 
Part 1. G. Idle 
Part 2. G. S. Baker 


G. S. Baker 
G. S. Baker and 
J. L. Dent 
G. S. Baker 


G. H. Millar 


J. L. Kent 


G. S. Baker 


1 


~ 
val 


. Baker 


s. Baker 


2 
h 


G. 8. Baker and 
E. M. Keary 


T.I.N.A. 1909 
T.I.N.A. 1911 
T.I.N.A. 1912 
T.I.N.A. 1912 
T.I.N.A. 1913 
T.ILN.A. 1913 
T.ILN.A. 1914 
T.ILN.A, 1914 


T.ILN.A. 1915 


Trans. N.E.C. Inst. 
of E.&S. 1915 


T.I.N.A. 1916 


Liverpool 
Eng. Soc. 1916 


T.LN.A. 1918 


(Continued). 


TITLE OF PAPER. 
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AUTHOR. 


Speed, dimensions and form of Cargo vessels 


Model Experiments on the effect of Beam on 
the Resistance of Mercantile Ship Forms 


Model Experiments in connection with Sub- 
marine Warfare 


Flying Boats, the Form and Dimensions of 
their Hull 


Manceuyring of Ships. Part 1 


Experiments on Mercantile Ships Models in 
Waves 


Model Screw Propeller 


Experiments — with 
Mercantile Ship Forms 


Ten Years Testing of Model Seaplanes 
Measured Mile Trials and other Ship Pro- 


pulsion Data 


Effect of Wind and Waves on the Propulsion 
of Ships 


The Steering of Ships in Shallow Water and 
Canals 


Manceuvring of Ships. Part 2 


Manceuvring of Ships. Model Experiments of 
Rudder Forces under Service conditions 

Form Effects and Form Resistance of ships 

Measured Mile Trials and other Ship Pro- 
pulsion Data 


Experiments on Mercantile Ship Models in 
waves. (2nd Series) 


G. S. Baker and 
J. L. Kent 
J. L. Kent 
G. 8. Baker 


G. 8. Baker 


Baker and 
. Bottomley 


me 


J. L. Kent 

G. 8. Baker and 
W. 0. 8S. Wigley 
G. 8. Baker 

G. 8. Baker 

J. L. Kent 

G. 8. Baker 

G. H. Bottomley 
E. M. Keary 

W. G. A. Perring 
G. 8. Baker 


J. L. Kent 


REFERENCE. 


Trans. J.E.&8. in 
Scotland. 1919 
T.I.N.A. 1919 
T.I.N.A. 1920 
T.N.E.C. 1920 
Trans. I. E.&8. in 
Scotland. 1922 
T.IL.N.A. 1922 
T.LN.A. 1928 
Jour.R.Aero.Soc.1923 
Trans. N.E.C. Inst. 
E.&8. 1923 

T.LN.A. 1924 
T.IL.N.A. 1924 
Trans. I. E.&8. in 
Scotland. 1924 
Liverpool. Eng. Soc. 
1925 

T.I.N.A. 1925 


N.E.C. Inst. 1926 


T.ILN.A. 1926 


(Continued). 


TITLE OF PAPER. 


Ship Wave Resistance. A comparison of mathe- 
matical theory with experimental results 


Stream-line Flow and Frictional Resistance 

The Economy of Tank Testing of Ship Forms 
and Research in Ship Propulsion 

Manceuvring of Ships. Part 3 

Ship Wave Resistance. A comparison of mathe- 
matical theory with experimental results 


Propulsion of Ships under different weather 
conditions 


The Analysis of Screw Propeller Efficiency with 
particular reference to Froude’s Method 


Average Sea Speeds under winter weather 
conditions 
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AUTHOR. 


W. C. 8S. Wigley 

W. G. A. Perring and 
the Tank 

G. S. Baker 

G. H. Bottomley 
W. ©. S. Wigley 

J. L. Kent 


G. S. Baker 


J. L. Kent 


or 


REFERENCR. 


T.LN.A. 1926 
TNA; 1926 
N.E.C. 1927 

Inst. E.&S. in 


Sectland. 1927 


TRINGAS 907 
(Spring) 


T.I.N.A. 1927 
(Spring) 


T.LN.A. 1927 (July) 


T.I.N.A. 1927 (July) 
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TABLE 2. 


List oF Rusearch PAPERS PUBLISHED BY MEMBERS OF THE TANK STAFF CONNECTED WITH 
SEAPLANE Froars anp Fryina Boar Hunts. 


Number of report and year 
SERIES. SuBseEcr. AUTHOR. published in Report of Advisory 
Committee for Aeronautics. 
1 Flat plate and toboggan float tests G. 8. Buker and | R. & M. No. 70, Nov., 1912 
G. H. Millar 
2,3,4,5 | Single and twin floats, boat and tobog- | G.S. Baker and | R. & M. No. 98, Noy., 1913; 
gan types, one and two steps G. H. Millar R. & M. No. 99, March, 1914; 
t. & M. No, 113, July, 1914 
6 Tests with twin floats and tail float on | G. 8. Baker R. & M. No. 165, March, 1915 
self-trimming gear 
7 Flying boat hulls, America and A.D. | G. 8. Baker R. & M. No. 166, June, 1915 
machine types 
8 Effect of beam on America type flying | G. 8. Baker and | R. & M. No. 187, Nov., 1915 
boat hull G. H. Bottomley 
9 Transverse stability of flying boat | Tank Staff R. & M. No. 188, Dec., 1915 
machines—position of wing floats 
10 Tests with twin floats and tail floats, | G.S. Baker and | R. & M. No. 189, Jan., 1916 
Blackburn and other types K. M. Keary 
11 (Parts | Flying boat hulls—variation of loading, | G. 8. Baker and | R. & M. No. 300, Nov., 1916 
and 2) flying speed, ete. E. M. Keary 
(Part 3)| Wave formation of flying boat hull G. H. Bottomley | R. & M. No. 365, Nov., 1917 
12 Flying boat hulls—tailless type which | G. S. Baker and | R. & M. No. 4 12, April, 1918 
resulted in C.E. 1 machine K. M. Keary 
13 Tests to find suitable float for carrying | G. 8. Baker and | R. & M. No, 410, March, 1918 
an aerial target K. M. Keary 
14 Notes on the design of flying boat hulls | G. 8. Baker R. & M. No. 487, May, 1918 
16,17 | Comparative tests of flying boats of | G. 8. Baker and | R. & M. No. 472, Sept., 1918 ; 
P 5/2 and F and N 4 types E. M. Keary R. & M. No. 488, Dec., 1918 
18 Impact of flying boat hull on water | G. H. Bottomley | R.& M. No.593, March, 1919 
19 Possibility of loading a flying boat, the | G. S. Baker and | R. & M. No. 655, Jan., 1920 
ee angle of forebody being | E. M. Keary 
variec 


(Contin ued). 


SERIES. 


Ww 
bo 


24 


Full scale 
work, 
Series 
1 


SUBJECT, 


Comparison of Vigilant Straight Frame 
type, and curved section flying boats 


Comparison of horizontal with trans- 
verse steps 


iixperiments on a C.E.1 machine for 
comparison with model results 


Experiments with full size machines 
P5 flying boat N 86, 


Impact tests 


Comparison of Atalanta and model sea 
worthiness and fore and aft angle 


AuTHOR. 


Ki. M. Keary 
G. S. Baker and 
E. M. Keary 


G. 8. Baker and 
E. M. Keary, 


Cpt. Gundry, R.A, 


& Lt. Hackforth, 
R.A.F. 


G. 8S. Baker, 

K. M. Keary and 
the M. & A.E.E. 
(H), RAF, Isle of 
Grain. 


Tank Staff in 
conjunction with 
M.&A.E.E. (H), 
RAP, Felixstowe, 
Suffolk 


Staffs of 
M.&A.E.E., 
Felixstowe, and 
the Tank 


Number of report and year 
published in Report of Advisory 
Committee for Aeronautics. 


R, 


R.& M. No. 893, August, 1923 


R. 


R. 


R.& M. No, 1076, July, 1925 


.& M. No. 926, April, 1924 


& M. No. 785, Jan., 1922 


& M. No. 478, Sept., 1918 


& M. No. 683, Sept., 1920 
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TABLE 38. 
SHIP TYPES TESTED. 


Amount oF Test Trve Spent on Various Typrs. 


Period : 31st DEcempEr, 1925, to 3197 DECEMBER, 1927. 


Type. Per Cent. 
Destroyers ... a oe re Pete 450 10 
Liners (above 17 knots)... oes sa ee 8°5 
Intermediate Liners res one ar ed 11°0 
11 knots and above ... 33°5 
Ocean Cargo Steamers 
below 11 knots =< 22°0 
Cross Channel Steamers ... sa ay See 2°5 
( Paddle... He Ae 2°5 
Coastal Steamers Passenger ~ ee 2°5 
Cargo ... Ne e 2°5 
Ferry Steamers... sar is x rel 4:0 
Shallow Draught Steamers ns is ee 40 
Yachts, 
Other and Special Types me. St vo 60 
Barges 


The above figures take no account of the time spent on type testing of flying boats and seaplanes, 
11 designs represented by 19 models being tested in this period. 


TABLE 4, 


Actua Resunts OpraineD wira Various SHIPs. 


YEAR. | 1924, 1925. 1926, 1927. 
Number of designs tested for resistance...) 26 22 32 48 
Number tested with propellers... =| al 14 28 41 


Of the designs tested, one half have been improved to the extent of 3 per cent., many of them over 
8 per cent. 


In addition, 20 designs were drawn out at the tank, before tests, either because of the original being 
obviously bad, or because of the difficult design conditions. The percentage saving in power on these 
cannot be stated. 


Some Typican Resuutrs rin Hair Year, JuNE To Decemper, 1927, 


DISPLACEMENT, | SPEED, SAVING IN ENGINE 

Tons. Knots. INDICATED PowER. | 
4,100 | 10°2 56 | 

11,750 | 11°0 280 | 

14,500 11°2 280 

15,500 14°5 280 

17,200 | 15°0 220 

15,500 16-2 1,000 

17,300 | 16°4 600 


DEVELOPMENT OF THE FOUR STROKE CYCLE 
MARINE DIESEL ENGINE, 


By H. McCRIRICK, 


READ 14th Marcu, 1928. 


The internal combustion engine (high compression heavy oil or Diesel type) has, in the short time 
of 17 years since it was first applied to the propulsion of deep sea vessels, effected an entire change in the 
method of utilizing fuel oil for producing the power required to drive a great part of the world’s ocean 
transport. From the small coasting vessel or tug to the 21 knot 32,500 ton passenger liner, this type of 
machinery has proved itself more efficient and as reliable as the present type of steam engine. 

In tracing the development of the four stroke marine Diesel or high compression oil engine it will, 
I think, be of general interest to recall the early stages of experimental work which was carried out by 
the late C. Ackroyd Stuart in England, and the late Dr. Diesel in Germany. The engine which was 
patented in 1890 by C. Ackroyd Stuart, was a hot bulb or surface ignition engine which worked on the 
constant volume cycle, and was designed for a final compression pressure of 4 kgs/sq.cm., with the fuel 
entering the cylinder rather early in the compression stroke. The compression pressure in cylinders 
working on this principle has been gradually increased to about 25 kgs/sq.cm., the hot bulb has been 
dispensed with, and in its place part of the cylinder cover or piston crown is left uncooled so as to retain 
sufficient heat to aid the combustion of the fuel. In 1892, the late Dr. Diesel published a treatise on 
what he termed a rational heat motor; this engine, a plan of which is shown on Fig. 1, was intended to 
use a fine powdered coal which was to be introduced into the cylinder by a measuring valve at the end of 
the compression stroke. 

The operation of this proposed engine, which was designed to give an output of 100H.P., was as 
follows :—The underside of No. 1 cylinder acts as an air compressor, and compresses the air to about 
3 kgs/sq.cm. ; during compression a small quantity of water is injected into the cylinder. The compressed 
air is led to the suction or inlet valves of cylinders Nos. 2 and 3, where it is then compressed to about 
250 kgs/sq.cm. before the powdered coal is introduced. The gas formed by the combustion of the coal 
ignited by heat of compression drives down pistons Nos. 2 and 8, and is then exhausted to the top 
of No. 1 cylinder at a pressure of between 4 and 5 kgs/sq.cm., where the expansion is completed. 

The Diesel cycle of operation, as now generally known, is not in accordance with the original patents 
which were taken out in 1892. The high compression pressure of 250 kgs/sq.cm. was not a working 
proposition, and in the course of experimental work which was carried out by Dr. Diesel at the M. A. N. 
Works at Augsburg, an engine was proposed with final compression pressure of 90 kgs/sq.cm. Very little 
information appears to have been published regarding this, and it was not until 1896, four years after 
the date of the first patent, that an engine was brought forward of a satisfactory nature which had a 
final compression pressure in the cylinder of about 35 kgs/sq.cm. 

This engine, Fig. 2, was manufactured at the M. A. N. Works in Augsburg, Germany, and 
developed 20H.P. It was designed to use oil fuel and not coal as originally proposed. ‘The official tests 
of same were carried out by Prof. M. Schroeder, of the Munich High School, early in 1897, and the fuel 
consumption was a remarkable advance on other engines, which at that time were using oil as fuel, 
namely 240 grams per brake H.P. hour against 400 grams. In view of such satisfactory tests the engine 
found a quick recognition throughout the technical and industrial world, and licences for the manufacture 
of similar engines were taken out by well known British and Continental engine builders. 

The first British Diesel engine, which was very similar to the one shown on Fig. 2, was constructed 
by Messrs. Mirrlees, Watson & Co., Ld., Glasgow, in 1897. During the following two years, 1898-9, 
Messrs. Nobel Bros., of St. Petersburg, built and completed their first Diesel engine, which also 
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developed 20H.P., and recorded a consumption of 221 grams per brake H.P. hour; orders followed the 
success of this engine, and during the next three years Messrs. Nobel turned out a number of engines 
with an aggregate H.P. of 1,500, which were used for land purposes. Being closely allied with the oil 
interests in the South of Russia, and the transportation of oil on the river Volga, they diverted part of 
their energies to propulsion of the large barges then operating on the Volga, and eventually led the way 
with the first reversible marine Diesel engine. 


INLAND WaTER TRANSPORT. 


Previous to 1903 only a 20 H.P. engine had been fitted to a canal barge in France. In this year 
the first cargo vessel to be propelled by Diesel engines was launched, and this vessel, which was built for 
the transportation of kerosene on the river Volga, was named the “VANDAL,” and was equipped with 
3 three cylinder Nobel engines. Hach engine developed 120 H.P. and was directly coupled to direct current 
generators, the current from same being used to drive 8 electric motors, each connected to a propeller. 

The “Sarat,” which was completed in 1904 for the same trade as the “ VanpaL,” was equipped 
with 2 four cylinder Nobel engines, each developing 180 B.H.P. These engines were non-reversible, the 
astern motion for the propeller shaft being obtained on the Del Proposto system. 

The engines of the “ VAnpaL” and “Sarmat” proved very suitable for the river work, and Messrs. 
Nobel, realising that the future of the marine Diesel was bound up with a reversible engine, then 
concentrated their energies on this and, in 1907, completed the first four-stroke reversible Diesel engine 
for marine use, Fig. 8. Two such engines were fitted in the Russian submarine ‘“ Mrxoca” and proved 
very successful; each engine had four cylinders, 275 mm. dia. x 300 mm. stroke, developing 120 B.H.P. at 
300 R.P.M. The reversing was carried out by means of a double set of cams fastened to a sliding hub 
which poised either cam against the roller of the rocking valve lever. To enable the cams to be moved 
in a fore and aft direction the valve springs were depressed and the levers raised, and to facilitate starting 
the engine in any position the starting air cam operated on the two cycle principle. 

By 1910, Messrs. Nobel had completed several sets of six cylinder engines, each developing 500 H.P. 
The reverse gear on these engines was improved, the method being the setting of either of two rollers to 
a corresponding fixed cam. The two Russian naval vessels, “ Kars” and “ARDAGAN,” were each fitted 
with two engines. As a matter of passing interest, mention I think ought to be made of a specially 
designed light weight engine which Messrs. Nobel completed in 1910; this engine developed 250 B.H.P. 
at 500 R.P.M., with a weight of only 10 kg. per B.H.P. A special feature of the engine was the 
preliminary exhaust through ports in the lower part of the cylinder and the final exhaust through a valve 
in the cylinder cover. It was installed in the yacht ‘* INrERMEzz0,” owned by Li. Nobel, and although not 
a great success it was a very interesting engine, and much valuable information was obtained from it 
regarding the use of special materials in the construction of high speed engines. 


Marine TYPE. 


During the period 1903-1910, the Diesel engine steadily gained favour for power uses in generating 
stations and factories, the H.P. in a single cylinder had increased to over 100, and some of these 
machines had been running through lengthy periods with every satisfaction. Gas engines with a cylinder 
output of between 500 and 600 H.P. were then doing duty in a very efficient manner, and it was claimed 
that the Diesel engine could be developed along these lines for marine work. The fuel consumption of 
the Diesel engine compared with that of the coal fuel boiler for the steam engine was remarkably low, 
approximately 1 ton of oil doing the work of 4-5 tons of coal. This low fuel consumption would be a 
distinct gain in many directions, such as a greater radius of action without refueling, increased space for 
cargo, and the reduction of personnel in the engine room. Orders were placed for the m.s. “‘ VULCGANUS,” 
a small single screw tanker, fitted with a Werkspoor engine manufactured by Messrs. Werkspoor, Ld., of 
Amsterdam, also the m.s. “SeELANDIA” and ms. “JUTLANDIA,” each of which were fitted with 
2 Burmeister & Wain eight-cylinder engines. The machinery of the m.s. “SELANDIA” was designed 
and built at Copenhagen by Messrs. Burmeister & Wain, Ld., and that of the m.s. “JurLANDIA” was 
built by Messrs. Barclay & Co., Ld., at Glasgow, under licence from Messrs. Burmeister & Wain. 

The “VuLcanus” was put into service in December, 1910, and is considered the pioneer of the 
foreign going motor vessel ; she has now been in service 17 years and, so far as 1 am aware, is still giving 
every satisfaction. The engine, see Fig. 7, is a six cylinder four-stroke motor, designed to give an output 
of 600 I.H.P. at a normal speed of 180 R.P.M., the cylinder dimensions are 400 mm. dia. x 600 mm. 
stroke. Forced lubrication is fitted to the crank shaft and connecting rods, crossheads are of the usual 
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marine type, and the crank case is entirely enclosed with large steel doors fitted in same to give easy access 
for overhauling purposes. The cylinder beam embodying the liner jackets is cast in two sections, each 
carrying three cylinder liners, this beam is supported on “A” frames and steel bolts pass from the top of 
the beam to the bottom of the bedplate and take the tension between the cylinder cover face and the 
crank shaft. The cylinder head or cover is of the now very familiar box pattern containing the air inlet, 
exhaust, fuel, and starting valves. Direct reversing gear, consisting of two parallel camshafts supported 
on brackets, is fitted, the camshafts being hinged on to a third shaft from which they obtain their rotary 
motion. 

Blast air is used for the fuel injection and the air compressor, which is placed at the back of the 
engine, is driven by links from the crossheads. The fuel oil system to the cylinder is very interesting, it 
is both simple and reliable, a few small details only have been altered since it was first introduced. The 
arrangement of the oil fuel system after the alterations were made consists of one working and one spare 
pump, either of these pumps can supply the six cylinders with oil. When the engine is under way the 
oil from the fuel pump is discharged to the automatic fuel reservoir or floating vessel, from this vessel the 
oil flows to the distributing boxes where it passes through the regulating valve for each cylinder. The 
description of the fuel oil system is rather brief, but for the guidance of those not acquainted with it a 
diagramatic sketch is shown on Fig. 4. 

In February, 1912, the m.s. “Srnanpra”’ went into service, this vessel was Messrs. Burmeister & 
Wain’s, of Copenhagen, pioneer motor vessel, she was a twin screw vessel and a decided advance on the 
m.s. “ VULCANUS,” both in power and size. Her machinery consisted of 2 eight cylinder units, each 
designed to develop 1250 I.H.P. at a normal speed of 140 R.P.M., the cylinders were 530 mm. dia. x 
650 mm. stroke. 

The following are the general characteristics of these engines :— 

Bedplates and crank cases were of the box type, each cylinder formed a separate unit, and was 
secured to the columns or crankcase by through steel bolts passing from a flange at the base of the 
cylinder jacket to the underside of the bedplate. Cylinder covers were of the general design as then 
found in four-stroke motors, a marine type of crosshead was fitted, and a box form of piston was secured 
to a flange at the end of the piston rod, the cooling of the pistons was carried out by diverting part of 
the lubricating oil from the crosshead and conveying same through the centre of the piston rod to the 
piston. Direct reversing gear of the now well known Burmeister & Wain system was fitted, the cam- 
shafts were driven by a combination of spur gearing and coupling rods, which were enclosed in the gear 
case placed between Nos. 4 and 5 cylinders. 

Blast air is employed for injecting the fuel oil into the cylinders, but only the third or high pressure 
stage is carried out by the compressor, which is driven from the crank at the forward end of the main 
engine. Air is supplied to the main engine compressor at a pressure of 20 kgs/sq.cm. from a separate two 
stage compressor driven by an auxiliary Diesel. Each cylinder has its individual fuel pump, and the 
battery of eight fuel pumps is placed at the front of the engine and driven from the camshaft gear drive ; 
regulation of the fuel oil charge to each cylinder is carried out by varying the period which the suction 
valves are allowed to remain open during the discharge stroke of the pump. 

Following the success of the various engines for marine units as already described, the cylinder 
capacities were gradually increased and, in 1914, the m.s. ‘‘ Fronta,” built by Messrs. Burmeister & Wain, 
was put into service. ‘This vessel was fitted with 2 six cylinder engines of a rather different design, the 
cylinders, which were 740 mm. dia. x 1100 mm. stroke, were cast in blocks of three each and supported 
on “A” frames, each engine developed 1800 B.H.P. and gave the vessel a speed of over 13 knots. A 
stage had now been reached when an engine of suitable power for the propulsion of average size vessels 
had been produced, and the progress during the next few years, owing to the interference of war 
conditions in Europe, was devoted mainly to obtaining more satisfactory material for the cylinder liners, 
pistons, and covers, and also improving the design in engine details and auxiliary machinery. 

In 1920, Messrs. Burmeister & Wain brought out their new type of square cylinder cover, which is 
shown in Fig. 5a, and is referred to under the heading of covers. ‘These covers proved to be remarkably 
free from trouble in the small engines, and within three years they had been embodied in the design of 
the large 740/1500 mm. eight cylinder engines, which developed 4000 I.H.P. at 110 R.P.M. A number 
of these engines are now in service and, from all accounts, the old cover trouble, which is referred to in 
a later paragraph on covers, has been eliminated ; so, in the period under review, the horse-power from a 
single acting four-stroke cylinder has increased from 100 to 500 1.H.P. with satisfactory results. 

Further development of the four-stroke motor has led to the introduction of cylinders working on 
the double acting principle, the cylinder diameter has been increased to 840 mm., and one cylinder is 
capable of developing 1250 [.H.P. This engine is certainly a much more complicated machine than the 
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single acting engine, and many of the points, such as the lower combustion space, housing of valves, 
protection of piston rod, and an efficient stuffing box for same appear to have been solved, as engines 
having cylinder diameters of 1000 mm. are now proposed. , 

On examining the weights which have been published from time to time of several engines now in 
service, and confining the figures to the usual marine crosshead type of engine witha R.P.M. of 110, we 
get an average weight of about 135 kilograms per B.H.P. This figure, of course, will be reduced when 
we come to engines using supercharges or trunk piston engines of a higher piston speed, the double 
acting engine also shows a reduction from the above figure, namely, about 120 kilograms per B.H.P. 

Improvements in design and the use of material of a more uniform quality, have led to a weight 
reduction in the present type of single acting engine. In making a comparison with the three types 
of Burmeister & Wain engines, which would be suitable for a twin screw installation of say about 
4,000 B.H.P., the weights of this machinery are stated to be in the following proportion :— 


Early type Intermediate type Present type 
1911-14. 1914-20. 1920-28. 
1:2 13 1 


It was not, of course, possible to equip a vessel with the early type of machinery for 4,000 B.H.P., but 
the comparison is made to show what advance has been made in eliminating surplus material from the 
present type of engine. 


CYLINDER LINERS AND COVERS. 


I propose to deal with cylinder covers and liners under one heading as in some of the early marine 
Diesel engines they were cast in one piece. This design was not a success as a defect in either the cover 
or liner meant the rejection of the casting, and experience proved that to get the best working results 
from both they should not be made of similar material. 

The liner for the four-stroke motor is quite a straight forward casting, and apart from wear 
occasioned by the piston rings, it can generally be considered satisfactory. As the cylinder diameters 
were increased above say 600 mm., and the thickness of the liner increased proportionately in size, 
trouble was experienced with the cooling of the top part of the liner; this has no doubt been due to the 
heavy body of metal at the top which held the liner in position in the jacket (see sketch No. 5x, old 
cover), and also to the defective circulation of the cooling water round this part. One or two liners have 
fractured round the top flange and descended with the piston, causing serious damage to the top of 
the crank case. Numerous reasons have been put forward for this occuring, but the principal cause, I 
think, has been due to the repeated temperature variations at a position in the liner where there was a 
big change of section in the metal. In the design of the latest Burmeister & Wain and Werkspoor liners 
for the large engines, we find that this large section of uncooled metal has been dispensed with, and that 
the cooling water can circulate freely both above and below the flanges which join the liner and head 
together (see Fig. No. 5a and also Fig. 5p, new cover). 

Thin cast iron liners fitted with shrunk on steel bands for reinforcing them have been tried, as also 
have steel liners, but as we do not hear very much about them past the experimental stage, I am afraid that 
they are not yet a commercial proposition. With the thin cast iron liner, I would expect that a certain 
amount of creep would take place in the region of the steel bands, corrosion would be set up, thus 
destroying their strengthening effect. The lubrication of the steel liner walls would, I am afraid, be 
rather difficult, and their surface would be readily scored. 

‘. The life of a cylinder liner, which will be from six to eight years, depends principally on the 
ollowing :— 

DEs1an :—The two important points in the design, following the method of holding the liner in its 
jacket or attaching it to the cover, are efficient cooling round the combustion end and lubrication of the 
walls. These two points are bound up with each other as should the cooling become ineffective and the 
liner increase in temperature, it will not. be able to retain much lubricant on its walls. On the other 
hand, should there be an over supply of lubricating oil there is the tendency for the rings to become 
carbonised up, and so permit a blow past of gas which scores the liner. The point of entrance for the 
lubricating oil is usually in line with the second top piston ring with the piston on the bottom centre, the 
number of points of entrance vary from four to eight, any number over four in the largest cylinders are, 
in my opinion, excessive, and only cause over lubrication of the liner. 

MANUFACTURE :—The casting should be of a special close grained material cast on end with a header 
about 300 mm. long in the large liner and with a tensile strength of 26 kgs/sq.mm. After being rough 
machined internally and externally within a few mm. of its size it should be slightly heated to relieve the 
stresses and allowed to stand for a period before final machining. 
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In the erecting of the engine every effort should be made to have perfect alignment of liner with the 
crank pin and guide face. 

Much thought has been expended during the last ten years on cylinder covers by the designers and 
metallurgists. The problem has been a difficult one owing to the large valve openings which had to be 
embodied in the covers and the amount of stiffening which was necessary in the formation of the covers. 

Fig. No. 58 shows the familiar old design of cover with the exhaust, fuel and inlet valves all in line 
and forming a heavy block of metal at the centre which was very difficult to cool and subject to heavy 
temperature stresses due to its stiffness. Numbers of these covers would only be in operation a few months 
when cracks would appear on the firing face between the fuel and exhaust or inlet valve openings. To 
permit of a better circulation of water round this space the metal forming the wall of the fuel valve 
opening was dispensed with, and in its place a thin brass tube 4 or 5 mm. thick was expanded in top and 
bottom; this was a help in delaying the appearance of the cracks, but with vessels which had to enter 
muddy rivers these passages would in time become choked up. A method of counteracting this has been 
applied by Messrs. Vickers, Ltd., in the form of a nozzle directing a spray of water round the fuel valve at 
a slightly higher pressure than the rest of the cooling water in the cover, and another feature in the cover at 
present used in some of the Mercantile engines made by Messrs. Vickers is the steel plate which forms the 
base of the cover, this design so far as I am aware is giving satisfaction. I have seen a similar 
arrangement carried out in some old type covers by recessing the face 25 mm. and fitting a plate of 
special quality steel in the recess, but unfortunately the life of the steel plate in this instance was short. In 
the early and intermediate type of covers another defect showed itself up in the fracture of the metal in 
the starting air passage, which passed through the body of the cover, this fracture usually appearing at 
the junction of the passage or pipe with the starting air valve pocket. In a number of covers which have 
come under my notice with this defect the foundryman had omitted the usual fillet or radius where one 
section of metal joins another. This starting air passage has now been eliminated from the covers and the 
starting valves designed to take their air from a steel pipe which comes over the top of the cover. 

In the latest: type of cylinder cover, Fig. No. 5a, designed by Messrs. Burmeister & Wain and Messrs. 
Werkspoor, Ltd., the most notable features are the large spaces between the valves and the slightly curved 
formation of the underside of the cover which allows the unrestricted expansion of the metal which is 
under the greatest temperature. This type of construction is stated to be considerably lighter than the 
older covers, and, so far as I am aware, it is giving every satisfaction in service. 


PISTONS. 


In comparing the latest type of piston with that fitted in the early engines we find several changes in 
the design. Internal ribs have been dispensed with in many pistons, the piston crown is now usually more 
concave in form, which permits the fuel to be sprayed into a volume of air which has been compressed into 
a semi-globular shape, this being considered best for efficient combustion. The top piston ring has now 
been placed at a greater depth from the top so as to ensure efficient cooling round the ring groove, the 
body of the piston above this ring is tapered off slightly to allow for the expansion of the metal which 
takes place in the crown, and much more attention is now given to ring clearance in the grooves, also the 
attachment of the piston to the piston rod has been considerably strengthened. 

Pistons, with diameters up to 300 mm. and rated about 50 H.P., worked very satisfactorily without 
any cooling medium, being kept sufficiently cool by the circulating water round the liner, but as the 
dimensions of the cylinder increased it became necessary to evolve a means of cooling the pistons. 

Three cooling mediums have been used, air, oil, and water, and for conveying same to the pistons 
various designs of tubes, etc., have been devised. The cooling of the pistons in the engine of the 
m.s. “* VULCANUS” was carried out with air, which was forced through a pipe or casing into the interior 
of the piston by the fan action of the flywheel. Cooling by oil was effected by part of the lubricating 
oil being diverted from the crosshead to the piston by means of a pipe passing through the piston rod, or 
other similar method; this arrangement gave very good service until trouble was experienced with the 
formation of carbonised oil on the underside of piston crown, resulting in several cracked pistons. This 
was stated to have been due to insufficient cooling surface being provided in the oil coolers and the oil 
having to be worked at too high a temperature. 

_ Fresh water cooling was next brought forward, and many ingenious designs of linked or telescopic 
pipes were put into service. ‘lo prevent the piston being emptied of water during a stop or slow moving 
of the engine, the outlet from the piston is arranged from the highest part, and the inlet being at the bottom 
prevents a spray of cold water infringing on the piston crown. The arrangement of telescopic pipes in 
many types of engines in service to-day is giving every satisfaction, and once these pipes are properly in 
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alignment with the piston they will run for long periods without any overhaul, though care has to be 
taken to prevent any leakage of water entering the crank case and mixing with the lubricating oil. In 
some of the latest high-powered engines the oil-cooled piston has been retained, as oil is stated not to have 
such severe effect on the cooling of the crown, owing to it being a poorer conductor of heat than water, 
and the mean temperature of the cooled surfaces is higher. 

Piston rings in four-stroke motors give very little trouble provided their side clearance is small 
under working conditions, and that the cylinder liner has not become unduly worn at the top. The 
material in the rings should be of a softer nature than the liner material, so that as much wear as possible 
will be confined to the rings. 


Crank SHAFTS. 


‘ aan construction of crank shafts comes under three headings, namely : Solid, Semi-Built, and Built 
Shafts. 

As the design of the marine Diesel engine was based mainly on the experience which had been 
gained with stationary engines, the solid crank shaft, i.¢., crank shaft which was forged in one piece, was 
the first type used for marine Diesels. The solid shaft permits of a shorter overall engine length as the 
thickness of the webs may be less than in a similar semi-built or built shaft. The solid shaft has been 
used in engines with cylinder diameters ranging from 400 to 750 mm., and, speaking generally, I do not 
think that this type of shaft can be considered satisfactory where the question of engine weight and 
length are not of first importance. The solid crank shaft is the least able to resist the stresses resulting 
from mis-alignment due to the working of the bedplate and seating, or any undue wear in the bearings 
caused by faulty lubrication. 

Owing to the small amount of work which can be put into the webs of a solid shaft during the 
forging of the billet, the webs are considerably weaker than the journals, and according to some 
authorities they should always be designed to withstand only from 50 to 70 per cent. of the stress allowed 
on other parts of the forging. Any defects in solid shafts which have come to my notice have always 
been at the junction of web and journal, and judging from the appearance of the metal where it failed, 
the shafts must have been under very severe alternating stresses for a considerable time before the 
fractures were completed. In making a careful examination of several fractured crank shafts, part of 
the section of metal in way of the failure had a slightly hammered or polished appearance, this, no 
doubt, would be due to the time which had elapsed from the first minute crack developing, and gradually 
increasing, until such section of the metal had failed, as would permit of a movement between the two 
surfaces. 

The next step was the semi-built crank shaft, that is the crank pin and webs are forged in one piece 
and the journals shrunk into same. This design seems to have been brought forward for use in short 
stroke engines where it has not been permissible to use a fully built shaft owing to the small section 
of metal which would remain between the holes in the web. The semi-built shaft has proved 
itself flexible enough to resist any serious damage which might result from mis-alignment in ordinary 
running practice. I only know of two large semi-built shafts which have failed, and strange to say the 
failures occured, one in the crank pin and the other also in the crank pin and extending into the web. I 
have not heard any reason put forward for these failures, but I presume they must have been due to 
latent defects in the forgings. 

During the past six years the built shaft has been much more in evidence, due to the further 
development of the long stroke motor for use in single screw vessels and the desire to have the propeller 
revolutions reduced to what is considered good present day practice. The construction of the built shaft 
for Diesel engines follows closely to that of steam engine practice, more care has to be exercised with the 
shrinking, and both pin and journal should be inserted in the web during one heat. The webs should 
always be machined in pairs, and it is now considered good practice to leave the pins from 1 to 2 m/m. 
large in diameter for a final machining after shrinking, as even though the utmost care has been exercised 
in heating and cooling the webs, there will always be a slight distortion some way or other. I have seen 
a number of crank shafts examined on the surface table, and in several cases the pins were not parallel 
with the journals, the difference on the length of the pin was only a few thousands of an inch, but when 
this is considered through the length of the connecting rod and piston rod, it will throw the piston 
considerably out of alignment, and will cause excessive cylinder liner wear. In some of the latest designs 
of six and eight cylinder engines, balance weights have been fitted to the crank webs in order to reduce 
the stresses in the bedplate and seating. The fitting of balance weights greatly increases the cost of the 
crank shaft, even though the flywheel can be dispensed with and a light turning wheel fitted in its stead. 
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They are generally made of cast iron, though on the large crank shafts cast steel weights are common. 
The question of fitting dowel pins in the webs and journals of built shafts still remains with us even 
though there is a decided opinion against the use of same; however, with the up to date appliances 
now found in the well equipped shops for the fitting of dowel pins, there is very little trouble in the 
operation, and they are certainly a safeguard against defective shrinking. The holes for the dowels are 
drilled and reamered by power, the dowels are made of a special carbon steel, they are slightly tapered 
with a diameter of a few thousands of an an inch larger than the hole, and are forced in by hydraulic 
pressure. 


Arr COMPRESSORS. 


From the first Diesel engine used by Dr. Diesel for his experimental tests to the large double acting 
engine of the present day the problem of the air compressor for the supply of blast air for fuel injection 
or air for starting up purposes only has always been before us. In some of the first single cylinder 
engines compressed air was supplied by a single stage compressor, this, however, proved very unsatisfactory, 
as the capacity of the compressor was increased. The next step was to take part of the air from the 
engine cylinder at a pressure of about 10 kgs/sq.cm., pass it through a cooler, then lead it to the suction 
valves of the single stage compressor for final compression to 60 kgs/sq.cm, An arrangement on this 
principle for emergeney purposes was fitted to the m.s. “SeLANDIA,” this vessel’s blast air supply for 
fuel injection, as will be recalled, was supplied by auxiliary compressors of the two stage type which 
compressed the air to 20 kgs/sq.em., before it was taken to the third or high pressure compressor which was 
driven from a crank at the forward end of the main engine. In the event of the auxiliary compressor 
failing, valves were provided which could be fitted to one of the main engine cylinder covers, so as to 
enable this cylinder to supply air for the third stage compressor cylinder on the main engine. 

The second line of development was the introduction of the two stage compressor proper. In some 
engines the H.P. and L.P. compressor cylinders were separate units and each was driven by links from 
the engine crossheads, or in a tandem unit as was later evolved with the H.P. cylinder placed on the top 
of the L.P. cylinder, the drive being in many cases from an extension on the end of the crank shaft. 
The two stage compressor, however, proved troublesome whenever it came to deal with large quantities of 
air, excessive temperatures were met with through insufficient cooling and valves were continually requiring 
attention through over-lubrication. The general design of two stage compressors and coolers has improved 
considerably during the past ten years and for use with auxiliary Diesel engines up to say 200 H.P. it will 
give every satisfaction. Disc valves which permit of a high volumetric efficiency are now being used and 
the old trouble of valves becoming choked up owing to an over-supply of lubricating oil is now rarely met 
with owing to lubricators being able to deal with very small quantities of oil and the attention which has 
been paid to scraper rings which prevent the oil in the crank case finding its way up to the L.P. cylinder. 

In the present type of compressors either for main or auxiliary purposes we find very reliable 
machines which are a credit to their designers and builders. On most main engines the differential type 
of compressor driven from the forward end of the crank shaft is fitted and some of these units have a 
capacity of about 20,000 cubic litres of free air per minute at a volumetric efficiency of 85 per cent. 
Fig 6 is a section of a large Burmeister & Wain compressor showing, I think, most of the features looked 
for in good compressor design as regards disposition of the compressor stages, position and size of cooling 
elements and the arrangement of both sections of cylinder castings for the foundry work and machining 
of same. The H.P. piston is held freely in a recess on the top of the L.P. piston to permit of separate 
clearance adjustment and is also able to move a few thousands of an inch out of centre should there be 
any difference in the alignment of the H.P. and LP. cylinders. 

There has been practically no alterations in connexion with the receivers for blast air, drain valves 
have been a little troublesome with leakage due to corrosion, but this is readily overcome by the fitting of 
loose seats. Internal drain pipes are now practically dispensed with owing to trouble with them breaking 
off; the drain valves are fitted in a small forging which is secured to the bottom of the receiver by studs 
or other similar method. 

There still appears to be two opinions regarding the storage of air for starting up hi ay namely 
a battery of say eight solid drawn steel receivers or two large riveted steel plate receivers. From a main- 
tenance point of view, riveted steel receivers which can be fitted with a manhole in one of the dished ends 
is the most satisfactory for cleaning and inspection purposes. Safety valves on the high pressure lines are 
still a little troublesome and require a good bit of attention to keep the valves perfectly tight. Formerly 
a safety valve was fitted to each receiver but the present day practice is to fit one on the compressor 
discharge line in such a position that there can never be an accumulation of pressure above that which 
ihe system has been designed for. 
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EXHAUST GASES AND STEAM GENERATION. 


The utilisation of exhaust gases for the generation of steam is becoming more widely advocated, owing 
to the great increase of power now developed in single engines and the general uses to which steam can be 
applied on board passenger liners for heating and cooking. A waste heat boiler, as these steam generators 
are called, appears to be the means of further extracting a number of heat units from the fuel oil before 
the exhaust gases pass to the atmosphere. 

Generation of steam by exhaust gases from a marine Diesel engine is by no means new, as a waste- 
heat boiler was first fitted to the engine of the m.v. “Juno”; a number of other vessels have also been 
fitted, but it was not until a few years ago that this method of steam generation met with much success. 
The early boilers were very difficult to keep clean and trouble was also experienced with leaky tube ends, 
due to the design of the boilers. 

The average temperature of the exhaust gases from a four-stroke motor is 350° C., and with the 
latest type of Clarkson or Spencer-Bonnecourt waste-heat boilers it is claimed that about 5 per cent. of 
the total heat units of the engine fuel can be recovered; this, of course, depends on whether steam or 
hot water is required. More heat could be extracted by the boilers, but it is not considered advisable 
to reduce the temperature of the gases below 130° C., as below this temperature they are stated to have a 
corrosive effect on the boiler material. 

The arrangement of exhaust heat boiler which is being put forward at the present time is fitted 
with an oil fuel burner to augment the steam supply and so increase the pressure up to say 100 Ibs per 
square inch if the steam is required for auxiliary purposes. To obtain as much heat as possible the 
exhaust manifolds are not water jacketed, but are well covered with a non-conducting lagging. It is 
claimed that the silencer could be dispensed with, as by the extraction of so much heat from the gases 
their volume would be sufficiently reduced when they left the boiler that they would pass to the 
atmosphere without any objectionable noise. 


AUXILIARY MAcHINERY. 


In many of the early Diesel driven vessels the auxiliary machinery was given but little consideration, 
most of the pumps required for use at sea were driven from the main engine. The main auxiliary in 
these vessels was a small semi-Di2sel or hot bulb engine driving a dynamo for lighting and perhaps 
supplying the power for the steering motor, any other machines or pumps required for emergency 
purposes were driven by steam, which was supplied by a winch boiler, or in some cases a boiler had to be 
under steam all the time the vessel was at sea. In the first Burmeister & Wain vessels the use of steam 
for auxiliary purposes was entirely dispensed with, only a small boiler for heating purposes and driving 
the emergency compressor was fitted. In vessels of this arrangement a four cylinder engine driving the 
generator, and a four cylinder engine driving the compressor, had to be continually in operation and 
consequently required a fair amount of attention due to the large number of working cylinders. 

In comparing the engine room arrangements of two vessels marked 1915 (Fig. 8), and 1926 (Fig. 9), 
we have a very fair view of the improvements which have taken place with the Diesel driven electric 
auxiliary vessel. The main engines in both cases develop about 3,000 I.H.P. In the 1915 vessel 2 four 
cylinder auxiliary engines must be in operation all the time the vessel is at sea, while on the 1926 vessel 
only 1 two cylinder engine need be working to supply the necessary electric energy, as the three stage 
compressor is now driven direct from the main engine. In the latest engine room arrangement, the 
auxiliary manceuvring compressor has been dispensed with, and each of the compressors on the engines 
for driving the generators has been increased in capacity, so that in the event of a breakdown of the 
main engine compressor the three or four generator engines, as the case may be, can supply sutlicient 
blast air to run the main engine at about 75 per cent. of its power. 

Not much of a general nature can be written about auxiliary machinery without going into 
unnecessary detail, but there is no doubt but what the full Diesel auxiliary has played a most important 
part in the development and progress of the Diesel engined ship. 

In bringing the paper to a conclusion, the writer wishes to thank Messrs. Harland & Wolff, Ld., 
Belfast ; Messrs. Werkspoor, Ld., Amsterdam; Maschinenfabrik Augsburg (M.A.N.); and the Russian 
Diesel Works, Leningrad, for the kindness in supplying the photographs and other particulars for 
inclusion in the paper. 
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DISCUSSION ON MR. H. McCRIRICK’S PAPER 


ON 


DEVELOPMENT OF THE FOUR STROKE CYCLE 
DIESEL MARINE ENGINE, 


Mr. J. ANDERSON. 


Mr. McCririck in the opening remarks of his interesting paper makes the somewhat premature claim 
that the reliability of internal combustion machinery for 21 knot vessels of 32,500 tons compares 
favourably with that of the steam engine. ‘The majority of large vessels equipped with machinery of the 
Diesel type have not been in service sufficiently long to enable a comparison to be made with the steam 
engine on the basis of reliability. Reliability is the only real measure of success of an installation and 
this cannot be established on the test bed or for that matter from service records covering a few months. 


The author in stating that the starting air valves operate every revolution to enable the three cylinder 
four stroke engine, illustrated in Fig. No. 8, to start from any position, omits to mention that during the 
starting period the inlet valves remain closed, while the exhaust valves function every revolution. 


The centrifugal casting process, which is slowly replacing the vertical casting process mentioned by 
the author, produces cylinder liners free from defects, of comparatively great tensile strength and highly 
resistant to wear and growth. The refractory sand-lined mould used in this process rotates about a 
horizontal axis and the centrifugal action of the molten metal in the mould renders a core unnecessary. 
Diesel engine manufacturers who have taken advantage of this method of casting cylinder liners have 
been favoured with excellent results and herein probably lies a solution to the vexed question of liner wear. 


Cast steel webs embodying balance weights should overcome the high cost mentioned by the author 
in connection with the fitting of these weights to crankshafis. 


The author deserves our thanks for compiling a historical record of the development of the four 
stroke cycle marine Diesel engine. 


Mr. A. W. B. Epwanrps. 


The particulars and details of early Diesel engines given by Mr. McCririck are most interesting, 
though perhaps not all will agree with the claim that the “ VuLcanus,” with an engine of approx. 
450 S.H.P., can be considered a pioneer ocean going motor vessel, as compared with the more normal 
size and power of the ‘* SELANDIA.” 


The author mentions some of the early four 8.C.SA engines in which each cylinder is separate and is 
bolted to the box type crankcase by a heavy flange at the base. In this type, of course, the stresses due 
to the firing load have to be transmitted through the jackets to the crankcase casting, and as many 
engines of this type have been built it would be interesting if the author could give us any particulars of 
trouble he may have come across. 

Regarding cylinder liners, it is well known that the heaviest wear occurs near the upper part of the 
liner and it is extremely doubtful whether any lubricating oil ever reaches this part in a crosshead type 
engine, 1 agree with Mr. McCririck that the number of lubrication points round the liner is frequently 
excessive, and have found that two points are ample when discharging into two circumferential oil grooves 
which overlap but do not meet. 
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Oil cooled pistons, as the author remarks, often give trouble through the carbonised oil deposit on 
the crown, and have also led to bearing troubles, when as is usually the case, the same oil is used for 
general lubrication. 


Fresh water cooling of pistons and covers can be arranged with very little additional complication, 
and is highly satisfactory, especially for vessels trading in shallow or muddy waters. 


Cracked pistons and covers are practically unknown with such systems, as the water passages can be 
kept very clean; the severe effect of the cooling water on the hot metal can be reduced by a cooler 
bye-pass. 

The cracking of covers might also be minimised by providing two inlet and two exhaust valves, the 
cover casting thus being more symmetrical, the valve pockets smaller and water passages larger. This idea 
has already been tried out in this country under extremely severe working conditions and no difficulties 
have been experienced. 


Tn connection with exhaust heat boilers, it would be interesting if Mr. McCririck could give some 
details from his experience of the corrosive effect of the gases on the boiler, particularly with an installa- 
tion where the main engines run on oil with a high sulphur content. Some information relating to 
actual evaporative tests with these boilers would also be very useful, such data at present being confined 
to claims put forward in makers catalogues. 


I should like to join the other members in thanking Mr. McCririck for his informative paper which 
must have been compiled under great difficulties. 


CORRESPONDENCE. 


Mr. P. T. Brown. 


This r is opportune as we would now appear to have arrived at the stage at which we may 
profitably look back and consider what has been done in the development of the Diesel engine for marine 
purposes. Such a retrospect may possibly show that certain ideas have been too hastily dropped or that 
new ideas have been insufficiently considered. 


Mr. McCririck’s paper is admirably put together and he deals with fundamentals in a way which 
shows him master of his subject and I hope the basis he has provided will result in a useful discussion. 


I am sorry he has missed the first classed vessels engined by Messrs. Burmeister & Wain in this 
country for the personal reason that they were under my survey. I allude to the single screw vessels 
“ Banpon,” “ Pangan” and “CHumpon,” in which the steam engines were replaced by Burmeister & 
Wain six cylinder engines of 670 mm. dia. x 1000 mm. stroke. 


In quoting the life of a cylinder liner at six to eight years the author discloses a weakness in the Diesel 
case which is of primary importance. My own experience indicates that the average would be safer taken 
at the lower figure. Consider what this means in a vessel having, let us say, twin six cylinder engines of 
670 mm. x 1000 mm. The cost of replacing 12 liners would figure at about £1000. Before replacing 
the liners probably at least two sets of rings will have been used all round at a cost of approximately £400. 
Compare these figures with what would be spent on the cylinders and pistons of a steam job in the same 
reg The reason for great attention to the design, manufacture and material of cylinder is apparent. 

Vith the author’s opinion on these latter points I find myself in entire agreement particularly with his 
recommendation for annealing before final stage of machining. 


Would the first paragraph on page 5 not have been better in the form of an emphasis on the necessity 
of accurate machine work. It is the crux of Diesel engine construction. 

In amplification of the author’s warning of the importance of ring clearance in piston grooves, I 
should be glad if he would quote a figure. Would he consider z\5th of the width excessive ? 

In paragraph 2 of the section devoted to crank shafts it is stated that a solid shaft is less able to 
stand stresses due to misalignment. Is it intended to convey that a built shaft is more flexible ? 


: The reason solid shafts have given way is solely due to the method of manufacture, which is 
inherent. 
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The final machining of pins after the building of a crank shaft is a necessary operation and, in fact, 
it is desirable that the whole shaft be turned again after the several sections have been bolted together. 
This is done in good steam practice. 

The author’s reference to a decided opinion against the use of dowels is a matter of surprise to me as 
in a recent census of opinions on the subject made in my district 100 per cent. were in favour of dowels. 
So much depends on the size of dowel and hole and the method of driving. Perhaps the author will give 
his experience on the question in more detail. 


The utilisation of the waste heat from the engine in a boiler is a most important development and, 
as opinions are conflicting, it is hoped that some figure representing results obtained may be quoted in the 
discussion. Although it appears possible to generate sufficient steam to drive a minimum of auxiliaries 
when working at full power, at reduced speeds, when auxiliary requirements are greater, steam cannot be 
maintained without the aid of an oil fuel unit. 


In addition to thanking the author for a most useful paper I would like to express appreciation of 
the services the Committee of the Staff Association are giving in bringing Diesel questions into such 
prominence in our proceedings. The past 15 years of experiment and experience has provided material 
from which some really definite conclusions may be drawn and the discussion which these papers afford 
assist to that end. Although an optimist in Diesel matters I cannot quite subscribe to Mr. McCririck’s 
opening paragraph of comparison with the steam engine. Stops at sea are still very frequent, most of the 
vessels are workshops and the repair bills are all too high. 


While always mindful of the fact that in its earlier days the steam engine gave much anxiety, we 
have to bear in mind that builders in those times had not the advantage of the splendid machine tools 
now available. 
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Mr. A. LAWRANCE. 


Tt is evident that the author has gone to a great deal of trouble to make a comprehensive summary 
of the development of the four stroke cycle Diesel engine and of the present tendencies in its design. 
That the facts contained in his paper will be of great service to any of his colleagues who may at any 
time have to refer to his paper goes without saying. 


With regard to the questions of weight per B.H.P., it seems to me that there must be very 
considerable room for improvement, and there is evidence in various quarters that progress is being sought 
in this direction. 

The most promising developments are likely to result from increased revolutions and from 
supercharging. 

During the war, high revolution Diesel engines for airship propulsion were produced in Germany, 
and the M.A.N. Co. appear to believe that engines of this type, geared down iret a hydraulic or other 
coupling, or driving electric generators direct, offer great promise of considerably increased output per 
unit of weight of machinery. There appears to be no doubt that the Diesel engines, so far as the Diesel 
principle is concerned, will function satisfactorily when running at much higher rates of revolution than 
we have been accustomed to, even in high speed auxiliaries. 


As regards supercharging, the application of the Biichi system has actually, in engines of 
considerable size (900 brake H.P. six-cylinder 4 8.C.SA) increased the output fully 60 per cent. (¢.e. up 
to 1500 B.H.P. and beyond), while diminishing the fuel consumption per B.H.P. hour. This, of course, 
indicates a most substantial increase of power per unit weight, if it be possible to maintain high rates of 
overload (or to put it in another way, if it be possible to raise the normal B.H.P. of the engine say 
50 per cent.) without distressing too greatly the constructional materials. 


The Biichi system has, as its principal feature, the recuperation of a considerable portion of the 
energy usually lost in the exhaust gases. These gages are made to drive a small turbine running at ver 
high revolutions (say 5000 per minute), This turbine is coupled direct to a rotary air compressor, whic 
supplies air at somewhat over atmospheric pressure to the cylinders, this air being the usual “charging” 
air and not “injection” air. 
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The setting of the inlet air exhaust valves of the motor is so adjusted that the exhaust valve does 
not close until after the inlet valve has opened. This arrangement permits of a practically complete 
scavenging of the air space above the piston, and as the charging air is at a pressure above that of the 
atmosphere the actual weight of the “charge” of air is greater than normal, in addition to being purer. ~ 


As the weight of fuel which can be burned is in exact proportion to the weight of air in the charge, 
and as the B.H.P. depends on the quantity of fuel burned, the increased output due to the Biichi 
arrangement is explained. The energy used in driving the rotary compressor is energy that would 
usually be lost in the exhaust gases, and the compressor itself, with its turbine, is of a very small weight, 
as may be judged from its revolutions per minute. The system may be applied to existing four stroke 
cycle motors. 

The significance of this development lies in the fact that it offers to the four stroke cycle motor a 
reduction of weight per B.H.P., which may make the engine considerably lighter in this respect than the 
normal two stroke motor, in spite of the fact that the latter has twice as many power strokes per minute 
for the same number of revolutions. 

There is a general tendency, even amongst the most firm advocates of the four stroke motor, to drift 
towards the two stroke, and even the two stroke double acting type. Who knows but that the Biichi 
system, or a similar system, may give a new lease of life to the four stroke in its apparently losing fight 
against its opponents. 

In any case, it is manifest that we have not yet reached the final word in the development of the four 
stroke motor, and I am sure that in a few years time the author will have ample materials for another 
contribution on the “further development” of the four stroke type. 


REPLY BY THE AUTHOR. 


I should like to express my thanks to Messrs. Lawrance, Brown, Anderson and Edwards for their 
interest in the paper and expressions of their views on several controversal points in the design of the 
present day four stroke Diesel engine. In replying to same I will endeavour to do so generally under 
each separate heading. 

CyLinDER Liners.—The cost of cylinder liner renewals is a sore point with many but I think to 
compare this expense against only what would be spent in the cylinders of a steam engine is not a fair com- 
parison as the Diesel cylinder liner also acts as the combustion end of the machine and allowance should 
therefore be made for the renewals of fire bars, back bridges and fire bricks in the boiler furnaces as this 
must amount to a considerable sum in the period under comparison for both types of machines. 

I have not had the opportunity of noting the wear over a period of any cylinder liner which has 
been made by the centrifugal casting process but I have no doubt but that liners cast by this process will 
be an improvement and provided the following precautions are taken I see no reason why the life of liners 
may not be extended to 10 years. 

1. Alignment of the cylinder and guides with the crank shaft to be within very fine limits. 

2. Crank pins and journal of crank shafts to be finished machined after shrinking. 

8. Ample supply of circulating water round the top part of the liner. 

4. Piston ring material to be slightly softer than liner material. 

5. Cylinder lubricating oil to be able to maintain on the wall of the liner a film of oil which 
will not be immediately destroyed by the combustion temperature. 

Piston Rina CLeaRance.—The clearance allowance of piston rings in their grooves is rather a 
difficult question to be answered generally as a lot will depend on the construction and cooling of the 
piston body and also the distance that the rings are placed from the top. 

From what information I have on this the figure jth of the ring width as mentioned by Mr. Brown 
appears to be excessive, as I understand that clearance for rings 15 mm. wide in a 740 mm. diameter 
piston four stroke engine is only 0°1 mm. or +} th of the ring width. This figure 1 have been informed 
has been tried in the rings of two different standard designs of two stroke motors and was found to be 
insufficient and the clearance for the three top rings had to be increased to 0°2 mm. before the rings 
would function properly. 
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CYLINDER JACKETS AND Covers.—The only serious trouble experienced so far as I am aware with 
the old design of separate cylinder unit has been the bursting of the stud bosses, this was considered to be 
mainly due to defective circulation of cooling water round the top of the jacket and also to corrosion in 
the stud holes which was caused by leakage of cooling water into same. 


The cracking of cylinder covers between the valve openings has I think been satisfactorily overcome 
by the Burmeister & Wain Harland & Wolff new type of square cylinder cover, for so far as my informa- 
tion goes no cases of cracks have yet been reported. I have not seen any engines with cylinder covers as 
mentioned by Mr. Edwards but it is interesting to note that covers with two inlet and two exhaust valve 
pockets have been satisfactorily tested under extremely severe working conditions with no defects showing 
up. I presume these covers have been tried on small engines of the high speed type only, for my part I 
would prefer the cover with as few valve openings as possible as there will be less chance of severe 
casting stresses being set up in the simpler casting. 


Crank Suarrs.—lIt is intended to convey that the built crank shaft is more flexible than the solid 
crank shaft, as in any crank shaft the movements are concentrated at the junction of the web and journal, 
and due to the quality of the material not being so sound in the solid shaft at this point it is less able to 
withstand the stresses which may develop owing to misalignment. These local stresses in time start minute 
cracks which will develop and eventually cause fracture. With the built crank shaft the tendency will be 
for the hole in the web to stretch momentarily, this stretching of the material in the web can of course affect 
the shrinkage, provided conditions causing same become so bad, but, if the shrinking of the webs, pins and 
journals have been carried out under the present methods now found in the works of the large up to date 
Diesel engine manufacturers and the examination of the shaft is carried out at the usual intervals serious 
accidents can be avoided and so far have been with built shafts. 


The fitting of dowel pins are a safeguard against defective shrinking and at present rules of the 
Classification Societies require those pins to be fitted in the journal pieces of all built crank shafts; this 
in my opinion is quite a reasonable precaution as the Surveyor has no means of satisfying himself after 
the shrinking operation that dowel pins will not be necessary. 


Some of our large marine engineering works have paid very special attention to crank shafts 
manufacture, pins, journals and webs are most carefully gauged after machining, special gas heating 
appliances and suitable independent crane lifting arrangements have been provided so as to ensure 
effective shrinking. One large engineering firm, has, I understand, a decided opinion against the fitting 
of dowel pins, they claim that part of their careful work is undone as the grip on the shaft is reduced by 
the drilling of these holes which they say is not compensated for by the fitting of dowel pins. 


Waste Heat Borters.—I have no data giving the actual measured quantity of steam which can 
be generated by the exhaust gases, but the following particulars may be of general interest as they are 
from one of the latest vessels to utilise exhaust gases. . 


M.S. “Pau,” twin screw, four stroke, six cylinder 500/700 mm. developing 1800 I.H.P. exhaust 
gases led to a two furnace return tube boiler 10 ft. 6 in. dia. x 9 ft 6in. long, heating surface 713 sq. ft., 


grate area 26 sq. ft., steam space 168 cub. ft., combustion space 190 cub. ft., smoke tubes fitted with 
retarders. 


This boiler was capable of giving steam at a pressure of 50 lbs, per sq. inch in sufficient quantity to 
keep the steering engine in operation at sea. 


Regarding the corrosive effect of exhaust gases on waste heat boilers, I have been informed that the 
analyses which have been obtained from the deposits taken from the silencers of motor vessels running on 
a regular trade and using a good quality of Diesel oil showed the contents of sulphur to be so small as not 
to be worth any consideration. 


In engines using fuel oil of a high sulphur content the deposits found in the silencers consisted of, 
when thoroughly dry, essentially iron sulphate in the ferric state, this is formed by the action of sulphur 
dioxide on iron in the presence of water or moisture, and in the presence of an excess of water this 


sediment gives a strongly acid reaction due to the interaction of ferric sulphate and moisture forming 
sulphuric acid. 


I have never had the opportunity of examining any waste heat boilers after they have been in service, 
so Iam not in a position to say how serious the corrosive effect of the gases may become. 
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Mr. Lawrance has called our attention to the claims which have been put forward regarding the use 
of supercharging in four stroke motors during the past year or so as a means towards weight reduction 
and fuel economy. So far as I am aware, the use of supercharging has not met with much success when 
fitted to engines of normal speed which have to work continuously under overloads; with engines which 
run at fairly high propeller speeds, say 250 R.P.M., slight supercharging will be an advantage, as the 
cylinders will always be well scavenged. Engines of this type are generally fitted to high speed passenger 
vessels employed on short voyages, which have to run to a time table and should there be any 
unfortunate delay the extra power which can be immediately called into action by the supercharging 
plant is most welcome. Overloads from 5 to 50 per cent. are being advocated at present, and the success 
of same in my opinion rests mainly with the design of engine and the duration of time that the over- 
loads have to be carried. In the Biichi system of supercharging, which utilises an exhaust gas turbine 
for driving the blower, a portion of the heat which usually goes to waste in the exhaust gases is therefore 
saved, and as it is now possible to manufacture blade material which will withstand temperatures up to 
500° C., no trouble need be expected from this source. The maximum cylinder compression pressure is 
maintained at the usual 35 to 37 kg/cm.? so as not to increase initial stresses, but as the combustion 
temperature will have to be maintained for a longer period in the cylinder during each firing stroke, owing 
to the increased quantity of fuel oil which has to be consumed, I would expect that the cylinder 
lubrication would not be so efficient, and so result in increased wear to the liners. 


LLOYD'S REGISTER STAFF ASSOCIATION, 


ANNUAL MEETING. 


The Annual Business Meeting of the Staff Association was 
held in the Board Room of the London Office, 
on Wednesday, 17th May, 1928. 


The Secretary read the Minutes of last Annual Meeting, and these were duly adopted. 
Reviewing the work of the session just completed, the President said :— 


“ This is the last opportunity I shall have of sitting in this chair as President of the Associa- 
tion. Any success which has attended my efforts as President have been entirely due to the work 
of our Secretary, Mr. Thomson, also members of the Committee, and the whole-hearted support 


of all members of our staff including those members of the outports, especially those who have 
contributed papers. 


It has been a session of no little interest. There have been many papers which have called 
forth a discussion which has given us much information, 


It seems to me that it isa pity that papers should be read, and that, what I might call a cold 
blooded discussion only should take place on those papers. It seems to me that when we take up 
a non-controversial subject we do it in cold blood. 


We had a paper on Internal Combustion Engines last session. It might have been of greater 
interest to the Association had we had a resolution framed something after the lines ‘‘ That in the 


opinion of this Meeting the steam engine has been superseded by the internal combustion 
engine.” 


Of course, I am quite well aware that a suggestion of this kind requires time. We have not 
much time. We are here at 5.0 and most of us are anxious to get home, but I really recommend to 
the incoming President, whom I hope may be a man of argumentative tendencies, that he might 
start the Meeting at 4.0, and have two hours wrangle over a controversial subject. It would not 
only bring out perhaps important information from the individual, but at the same time be of 
great value to him in that it would give him a knack of arguing. It is not always safe to argue, 
but it is necessary to argue wisely and nothing teaches this better than debate. 


When I took my seat here as President perhaps I spoke rather wildly, but still I had the good 
of the Association at heart. Now, to a certain extent, it has borne fruit, for the election of your 
President this year is an election which does not lie entirely in the hands of the London Staff. 
We have taken action this year in such a way that it has been rendered possible for the Committee- 
men in the outports to register the votes of those Members of the Staff whom they represent, and 
this method has proved very successful in getting a unanimous agreement with the proposals of 
the London Committee and the election of Mr. W. Heck as your next President. 


I must not close without emphasising the fact that any success which has attended my efforts as 


President has been made possible by the whole-hearted co-operation of the Committee of the 
Association and the labours of a highly efficient Secretary. 


We owe a great deal of gratitude to the Members of Lloyd’s Register Committee, without 
whose help we could not carry on this Association, for they are the means of our existence, and for 


that reason we should give them a very hearty vote of thanks for the support they have given us 
and are stil] prepared to extend. 
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The meeting then proceeded with the election of Office-bearers for the new session, and on 
the motion of Mr. A. A. A. Chalmers, seconded by Mr, J. Carnaghan, Mr W. Dennis Heck 
was unanimously elected President. 


The further appointments were made as follows :— 
Hon, Secretary - - - - - Mr. W. Tomson. 
ComMITTEE, LoNDoN : 


Messrs, J. R. Beveridge, S. F. Dorey, J. S. Gardiner, 
S. Townshend, L. H. Young, and R. J. L. Ward. 


Dr. Laws, in proposing a very hearty vote of thanks to the retiring President, referred to the 
excellent services rendered to the Association by Mr Chalmers, and expressed the regret of the 
members that he had decided not to offer himself for re-election. The proposal was seconded by 
Mr Carnaghan and carried unanimously. 
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